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 Preface 
The Association of Eritreans in Agricultural Sciences (AEAS) in collaboration with the 
Sustainable Land Management Programme (SLM) Eritrea, has, for the second time, 
organised a joint workshop. This workshop was on ‘Irrigation development in Eritrea: 
potentials and constraints,’ held in the National Confederation of Eritrean Workers Hall, 
Asmara, Eritrea, on August 14-15, 2003 (see Annex 1 for programme).  
 
The aim of the workshop was to address the key issues on irrigation development in 
Eritrea among which are: 
− the legacy of modernisation of irrigation systems and equity,  
− alternatives to canal irrigation systems,  
− strengthening farmers’ potential in irrigation water management, 
− gender and irrigation development, and  
− experiences of institutions and NGOs’ role in irrigation development.  
The workshop was attended by over 130 professionals from institutions such as the 
Ministry of Agriculture, Ministry of Land, Water and Environment, University of Asmara, 
University of Berne, other ministries, UN organisations, private sector, and local NGOs 
(see Annex 2).  
 
The workshop was a perfectly timed window of opportunity for the key issues of irrigation 
to be discussed in such a wide audience. This was further stressed by the delegate of H.E. 
Mr. Arefaine Berhe, Minister, Ministry of Agriculture, who remarked that the workshop 
was held at the juncture of the transformation of the country towards irrigated agriculture 
and thus commended the AEAS for correctly timing it. 
 
This proceeding contains the keynote lecture and 16 papers presented at the workshop. 
The papers presented, for the sake of simplicity in referencing, have been grouped into 
five themes: 
  
Theme1: Spate irrigation systems  
Theme2: Small scale irrigation systems  
Theme3: Climate and irrigation  
Theme4: Socio-economic studies on irrigation and  
Theme5: General topics on irrigation  
 
Moreover, the abstracts of the papers were translated into Tigrigna for the benefit of 
participants from the farmers’ associations and zoba offices (Annex 3). 
 
x 
The editors 
 Introductory remarks by the Organising Committee 
Ladies and gentlemen,  
 
On behalf of the workshop organising committee and myself I would like to welcome you 
to this important workshop on “Irrigation Development in Eritrea: Potentials and 
Constraints.’ The Executive Board of the Association of Eritreans in Agricultural Sciences 
(AEAS) appointed the organising committee, consisting of Dr. Tadesse Mehari, Dr. Bissrat 
Ghebru, Dr. Bereke-Tsehai Tikue, Mr. Asghedom Tewelde and Mr. Asmerom Kidane who 
made this happen today.  
 
In the current deliberations, a total of 17 contributions will be presented addressing 
different themes of the workshop. The organising committee has also prepared the 
abstracts of the papers that will be presented, both in English and in Tigrigna. Tigrigna 
abstracts are prepared for ease of understanding of the scientific papers by the 
representatives of the farmers’ associations and zoba offices.  
 
The organising committee would like to inform participants that the proceedings of the 
workshop will be available for all. There are three rapporteurs assigned for this workshop 
who will be documenting all our deliberations and contributions. The organising 
committee once again welcomes you all to the workshop. 
 
14 August 2003 
Bissrat Ghebru 
Representative of the  
Organising Committee 
    xi 
 
 Opening statement by the delegate of the Minister, Ministry of 
Agriculture 
Dear participants, ladies and gentlemen! 
 
It is indeed an honour for me to participate in a workshop that is extremely timely and 
important. I would thus like to thank the Association of Eritreans in Agricultural Sciences 
(AEAS) and the Sustainable Land Management Programme (SLM) Eritrea for organising this 
workshop. 
 
Agriculture is by far the most important sector in Eritrea’s economy. It is the source of the 
livelihood for more than 80% of our population. Its contribution to the national GDP is, 
however, not as high as its importance for a variety of reasons. The reliability of our 
agricultural system on rainfall and its traditional nature are the most important causes for 
its extremely low productivity. Rainfall is unreliable both in its total amount and its 
distribution thus cannot enable the country to be food secure even in the best years. Food 
insecurity has been a bitter experience of Eritrea ever since its independence. This 
country cannot rely on food aid forever while the potential for boosting agricultural 
production exists. This very fact urges the government to introduce drastic changes. 
Changes that lead the country not only to be food secure but to shift to irrigated 
agriculture so as to produce surplus and support economic growth. 
 
The government is fully aware of the seriousness of the issue at hand and is giving the 
fullest attention to transforming the country to one that rates irrigated agriculture high 
on its agenda. This workshop is thus being held at the juncture of the transformation of 
the country towards irrigated agriculture. I would thus like to commend the AEAS for 
correctly timing it. 
 
It is my sincere hope that the papers that will be presented in the next two days will fully 
enrich the policy changes that the government is pushing for. I would like us to have a 
successful workshop and deliberations that will assist in enhancing the speedy 
development of irrigated agriculture in Eritrea. 
 
I thus declare the workshop open and thank you for your attention. 
 
14 August 2003 
Ministry of Agriculture 
Director General 
xii 
Semere Amleson 
 Opening address by the AEAS chairperson 
Mr. Semere Amlesom, representative of His Excellency Mr. Arefaine Berhe, Minister, 
Ministry of Agriculture, dear participants and invited guests. On behalf of the Executive 
Board of the Association of Eritreans in Agricultural Sciences (AEAS) and on my own 
behalf, it is with great pleasure and pride that I extend my heart-felt welcome to all of 
you to this important event. 
 
First and foremost, let me take this opportunity to say few words about the association. 
The Association of Eritreans in Agricultural Sciences was established in 1995 with the 
following two major objectives: 
1. Developing professional skills and technical capability of Eritreans in the field of 
agricultural science, and 
2. Promoting environmental protection, and productivity and transformation of 
agricultural systems in Eritrea. 
These being the main objectives, the association is also entrusted with: 
a Organising all Eritrean professionals in agricultural sciences within and outside Eritrea, 
b Promoting and developing the interest of government and non-governmental bodies 
within and outside the country in the development of agricultural sciences, 
c Promoting environmental protection and sustainable development, 
d Organising seminars, workshops and in-service trainings in various areas of 
agricultural sciences in order to promote the skills of Eritreans, 
e Contributing in the review and development of curricula in agriculture related 
technical schools and colleges in Eritrea, and 
f Promoting research in agricultural sciences and disseminating the findings. 
Today, the association is eight years old and has about 280 members within and outside 
the country. It, however, has not fulfilled much of its anticipated objectives and the 
related activities, for various reasons. The incumbent Executive Board has almost finished 
its two-year term in office. The board had passed through a lot of hurdles and it cannot  
boast that it had performed better than its predecessors. 
 
As one of its main objectives the association has to create awareness among its members 
and to discuss agricultural development issues with experts in the field and stakeholders. 
On the basis of this objective, the AEAS has today organised a two-day workshop on 
Irrigation Development in Eritrea: Potentials and Constraints.  
 
    xiii 
Eritrea small in size as it may be, is gifted with varied ecological zones and endowed with 
broad genetic resources of plants and animals. Given Eritrea’s available limited water and 
land resources, however, its agricultural development has to focus more on intensive rather 
than on extensive farming. Furthermore, Eritrea is naturally prone to erratic and torrential 
rain patterns, with frequent drought cycles. Hence, we as agriculturists are faced with an 
immense challenge to persistently search for types of scientific alternative agriculture, 
 which would be less susceptible to the ever-changing weather patterns we are clearly 
experiencing.  
 
The erratic character of Eritrea’s rains coupled with the apparent reduced precipitation, in 
recent years, during the critical growing months of June to September, do not guarantee 
that rainfed agriculture has the capacity to secure our food. In fact, Eritrea records a large 
food deficit even in years of good rainfall. As a result, even in years of good harvest the 
agricultural sector, including livestock and fisheries (according to the reports of the World 
Bank) contributes only 25% of the country’s GDP. It is in view of these facts that Eritrea’s 
agricultural development should focus on and shift towards irrigated and intensive 
farming. This, however, requires full understanding of the system and careful planning in 
order to properly address the key issues on irrigation development in Eritrea.  
 
The world today is using highly advanced water saving irrigation technology and related 
farming practices, from which Eritrea can learn a lot. In fact some of these technologies 
have already been transferred and are being applied in some parts of Eritrea and the 
results are promising. We are, therefore, sincerely hoping that this workshop shall be the 
venue for learning and exchanging experiences with those agriculturists who are engaged 
in the improvement and development of irrigated agriculture in Eritrea.  
 
This workshop is, therefore, expected to explore the potentials and constraints of the 
various irrigation systems practiced in Eritrea so that a possible alternative based on 
irrigated system of production could be recommended which can supplement the unreliable 
rainfed agricultural system in the country thereby enabling it to attain food security. 
 
I would also like to take this opportunity to acknowledge the unprecedented financial 
contribution made by the Syngenta Foundation for Sustainable Agriculture and ESAPP 
(Eastern and Southern Africa Partnership Programme) towards organising this workshop 
through the Sustainable Land Management Programme (SLM) Eritrea, that is coordinated 
jointly by the Syngenta Foundation and the Centre for Development and Environment 
(CDE) of the Univercity of Berne. Financial support for the publication of the workshop 
proceedings is also promised by the Syngenta Foundation. This was only made possible 
by the efforts of Dr. Thomas Kohler, Ms Brigitta Stillhardt and Mr. Felix Nicolier. May I 
therefore kindly ask the audience to join me congratulate these people by putting our 
hands together for their efforts to make this workshop happen. 
 
Last but not least, on behalf of the Executive Board of the Association I would like to 
thank the members of the Workshop Organising Committee for their relentless efforts in 
meticulously planning and organising this workshop to make it a reality today. 
 
I wish you all a fruitful and successful workshop. Thank you very much. 
 
14 August 2003 
Tadesse Mehari 
Chairman AEAS 
xiv 
 
 Executive Summary 
General remarks 
Eritrea, a small country in the Horn of Africa, belongs to the semi arid and arid region of 
the continent, which suffers from insufficient and unreliable rainfall in occurrence and in 
distribution. Although Eritrea has an arable land ranging from 1 to 2 million ha, the crop 
production under rainfed agriculture has never met the basic food demands of the 
population. This is mainly due to the highly erratic nature and unreliability of the rainfall. 
Rainfed agriculture alone will also be increasingly incapable of coping with the additional 
mouths to be fed in the years to come, unless, among other things, investments are done 
in the remodelling of the existing irrigation systems and the establishment of new ones.  
 
If the right irrigation systems for the right soil and crop types, and water qualities are 
properly designed and managed, they can adequately address the irregularity of 
frequency and amount of rainfall. This can ensure a better control of when and how much 
water should be supplied, ultimately making a significant sustainable contribution 
towards the main agricultural goal of Eritrea- the attainment of food self-reliance and/or 
food security.  
 
At a global level, the arable land is estimated at about 1.5 billion ha. Irrigation only covers 
about 18% of this, but is responsible for about 40% of the worldwide food production and 
is a source of employment for nearly 30% of the rural population in the developing 
countries. Nevertheless, in regions where irrigation systems that are incompatible with 
the soil types, water quality, cropping systems, and with the technical and financial 
capacities are implemented, irrigation had a very adverse impact. The most serious 
negative impact has been and still is the degradation of arable land due to mainly salinity 
build up. To date, about 500 million ha, nearly one third of the total arable land, is 
affected by severe salt concentration. 60 million ha of this or about 22% of the total 
irrigated land suffers from salinity entirely caused by bad irrigation. Semi-arid and arid 
countries, such as Eritrea, are particularly vulnerable to salinity problems. 
 
This workshop, held in Asmara on 14-15 August 2003, with its focus on the potentials 
and constraints of irrigation systems, was hence very relevant. Because if we are to 
minimize the negative impacts of irrigation and build up on the positive aspects, the first 
step would be to identify the potentials and the limitations of the current irrigation 
systems and establish new ones. The natural resources (land and water), technical 
abilities (human and material), socio-cultural set-ups (gender issues of irrigation) and 
level of economic development (financial capacities of the targeted beneficiaries) are 
among the important aspects that need to be considered when addressing the issue of 
irrigation potentials and constraints. 
 
The different papers presented have covered large and small-scale surface and drip 
irrigation systems and touched upon the potentials and constraints as far as the above 
stated resources are concerned.  
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Irrigation Development in Eritrea 
Individual contributions 
The summary of the papers that focused on the drip irrigation systems is as follows. The 
paper on the large-scale drip irrigation system in Afhimbol (Western Lowlands), has shed 
light on the significant contributions the conventional drip irrigation is making to the 
vegetable and fruit demands of the nation. But it has also revealed the major problems 
faced by the scheme notably the clogging of the drippers. It has also shown a trend of the 
salinity build up due to the application of drip irrigation, which although was moderate, it 
was significant in particular in two wells that needed urgent remedial steps. The other 
papers outlined the preliminary results on the socio-technical, economical and agronomic 
aspects of the systems. The papers conclude that the low initial capital outlay has 
significantly contributed to the high interest shown by the farmers to test the system, and 
that unlike the conventional drip systems, they have a potential to improve the living 
conditions of the rural poor that form the bulk of the farming community in Eritrea. 
Moreover, the systems have been found to have a potential of being more preferable and 
of higher benefit to many rural women as they are easy to operate and manage and can 
be installed in the backyards. On the other hand, like the conventional drip systems, they 
were subject to the same or even higher degree of clogging. Thus, it was recommended 
that there is a need to improve the filtration systems by adding filter clothes, but even 
then it is highly unlikely that the systems can fit to very poor quality water. Water quality 
assessment is hence essential when disseminating this technology. Furthermore, it can be 
inferred from the papers that choosing the right crops, planting the right numbers at the 
right site around each dripper, flushing the system pipes bi-weekly, could make a 
difference in the production levels and the economic returns of the systems. 
 
The papers presented on surface runoff irrigation systems, focused on the challenges of 
the development of large and small-scale spate/runoff irrigation systems in the Eastern 
and Western Lowlands of Eritrea and the small-scale dam-fed surface irrigation systems 
in the Highlands. The paper concerning the Western Lowlands has noted that most of the 
newly constructed diversion structures are done without proper knowledge of the flood 
discharges and sediment concentrations of the flow, which has led to the frequent 
breaching of the structures and blocking of the canal network gates with sediment 
deposits tremendously lowering the amount of diverted water. It also identified that the 
fields lacked proper levelling and grading and the bunds were insufficient for the 
retention of adequate amounts of water and sediments that are vital for the effectiveness 
of runoff irrigation systems. The paper on the Eastern Lowlands of Eritrea has provided 
the reasons that led to the replacement of traditional stone, brushwood and earthen 
structures with concrete weirs. The main reason was to improve the water diversion 
efficiency from 45% to 80% thereby increasing the irrigable area by almost 100%. The 
paper has also highlighted the level of dissatisfaction of the farmers with the modern 
structures, which failed to meet the expectations and outlined some of the modification 
requests made by farmers such as the changing of the earthen breaching bund to 
concrete. Both the run-off and spate irrigation papers made a firm conclusion that the 
functioning of the traditional systems need to be studied in depth so that future 
development activities can be more successful.  
 
2 
The paper on the dam-fed small-scale surface irrigation systems was a very important 
contribution. It has revealed the social problems (based on farmers’ perspectives) that led 
 to the non-utilization of about 30 dams for the purpose they were primarily built to serve 
supplying water for irrigation. It has provided a clear picture that any development that is 
not need-based and demand-driven is deemed to be unsuccessful.  
 
In order to make assessments of whether certain irrigation systems are successful or not, 
which some of the papers attempted to do, it is of utmost importance that there are some 
primary performance indicators that are agreed upon by the engineers, managers and 
policy makers in the country. The workshop hence accommodated a paper that outlined 
and discussed some of the key indicators– equity, reliability, regularity and durability of 
irrigation systems. The paper also gave examples, in simple terms, of how these 
indicators can be quantified and analysed.  
 
All the papers presented in the workshop were important and have given a general 
picture of where we stand as far as irrigation development in Eritrea is concerned. 
However, it has to be acknowledged that most of them were inventories and baseline 
surveys, which reminded us of the need to conduct demand-driven and priority-targeted 
scientific research. Moreover, the papers presented highly variable figures of some basic 
data. For example, the arable land ranged from 1.5 to 2 million ha, potential irrigable 
area varied between 100,000 to 600,000 ha, and potential spate irrigable area ranged 
from about 60,000 to 137,000 ha. It is therefore important to underline the urgent task 
that irrigation/water managers and engineers need to do - the comprehensive and 
reliable assessment of the available and potential land and water resources in Eritrea. It is 
worth noting that this is the bottom line for embarking on the road to irrigation 
development. 
 
Making in-depth research will need setting priorities and coordinating and sharing 
human and material resources among different local institutions, mainly the Ministry of 
Agriculture, the Ministry of Land, Water and Environment and the University of Asmara. It 
will also necessarily require establishing lasting linkages with international research 
institutions and universities. Moreover, the human capacity building efforts underway by 
the different local institutions must be coordinated so that, among other things, 
unnecessary waste of the limited capital resources be minimized and the required skilled 
personnel and equipment can be made available in a much shorter period of time.  
 
The overall conclusion that was reached in the workshop, and which is worth 
emphasizing, is that if sustainable irrigation development in Eritrea is to be achieved, it 
must necessarily be supplemented with need-driven scientific research. 
 
The editors 
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 Keynote presentation 
Review of irrigation development in Eritrea 
Semere Amlesom  
Director General, NARI, MoA, Asmara, Eritrea 
 
Introduction 
Out of the total land area of Eritrea, which is about 126,000 km2, 1.5 million ha are 
currently classified as arable land, out of which 400,000 ha (28%) are under rainfed 
cultivation. Furthermore, out of the total 600,000 ha of land with irrigation potential, only 
28,000 ha (4.5%) are irrigated. 
 
Crop production systems are rainfed subsistence farming to semi-commercial rainfed 
agriculture and irrigated agriculture, 90% of which is spate. Traditional rainfed agriculture 
accounts for more than 90% of the estimated 400,000 ha of cropped land. The availability 
of rainfall and soil moisture with little or no modern agricultural inputs is the determinant 
factor of the traditional system. Traditional farmers produce mainly cereals, pulses and oil 
crops on average farms of less than 1 ha in the highlands and 2 ha in the lowlands. The 
average production of cereals, pulses and oil seeds (1991-1999) is 0.65, 0.50 and 0.43 
tons/ha respectively. This is far below the Sub-Saharan Africa and the world averages. 
 
Role of irrigation  
The last ten years of post-independent Eritrea have clearly exhibited the fact that 
agricultural production has not been able to keep pace with the increasing demand for 
food. Even in years of good rainfall such as that of 1998 production covered only about 
70% of consumption. This is clear evidence that food security cannot be attained through 
the current production system, which is based on unreliable rainfall patterns. The 
government should thus seek ways to improve and stabilize agricultural production to 
cater for the food needs of its population. The biggest potential for increasing 
agricultural production lies in the development of all potential areas in general and those 
in the Eastern and Western Lowlands in particular. Production increase with the use of 
irrigation alone goes as high as 150%. If the currently potential irrigable land under 
irrigated agriculture, which is only 4.5%, is raised to say 25% (150,000 ha) it would, at the 
minimum, have a substantial contribution to the attainment of food self-sufficiency.  
 
Contribution of irrigation to the national economy 
Rainfed agricultural production is highly dominant in Eritrean agriculture. It is traditional 
by nature and is a low-input low-output system. Due to the unreliability of rainfall, both 
in total amount and distribution, the use of production-boosting inputs such as improved 
seeds, fertilizers and chemicals for the control of insects, diseases and weeds is not fully 
encouraged. Irrigated agriculture on the other hand, if properly handled, is a high-input 
high-output production system. Irrigation and rainfed agriculture are however 
complementary in nature and are not mutually exclusive.  
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Where water is considered as a major constraint, irrigation can assist in agricultural 
diversification, enhance food self-sufficiency, increase rural incomes, generate foreign 
exchange, and provide employment opportunities. Food security, employment creation 
and settlement of foreign exchange are thus considered to be the major contributions of 
irrigation to the national economy. 
 
Food security 
In the Eastern Lowlands of Eritrea i.e. Sheeb, Wadi Labka, Foro, Bada, etc., farming systems 
based on spate irrigation have a relatively higher yield per ha as compared to rainfed 
farming systems elsewhere in the country. Average yields from spate-irrigated lands 
ranged from 2.0 to 3.0 tons per ha while those in rainfed areas ranged from 1.0-1.5 tons 
per ha only. This is a clear indication that with the modernisation and expansion of spate 
irrigated agriculture in both the high potential areas of the Eastern and Western Lowlands 
of Eritrea food security could be achieved in the shortest possible time.  
 
Irrigated agriculture is practiced in some parts of the highland areas and on the banks of 
the big seasonal rivers of Anseba, Gash and Barka. It contributes to the national food 
security by producing horticultural and other crops that play a big role as they are 
available in the local markets of the national and regional capitals at affordable prices. 
 
Employment creation/Foreign exchange  
Irrigated agriculture makes use of several production inputs such as intensive land 
preparation, row-planting, inter-row cultivation, chemical application for weed, pest and 
disease control, harvesting and post harvest activities. These activities make irrigation a 
labour-intensive system. It is estimated that irrigation, depending on the type of crop 
cultivated, is able to generate up to 700 person-days of labour per irrigated ha. Hence, 
irrigation makes a substantial contribution to job creation. 
 
The opportunity for growing crops that earn foreign exchange is provided with the 
expansion and intensification of irrigated agriculture. The growth of the horticultural 
industry and the production of crops that could compete with foreign markets in their 
quality and constancy of supply have the potential of earning the country’s dire need of 
foreign currency.  
 
Categorization of irrigation development in Eritrea 
Public/Parastatal irrigation schemes 
Of notable importance in this category is Ali-Ghider Settlement Scheme for demobilized 
fighters. The fighters were allocated 2.0 ha each and were assisted by Ali-Ghider Agro-
Industry to cultivate cotton, which is a high value cash crop. Ali-Ghider agro-industry is a 
parastatal irrigation scheme engaged in the production of cotton as a main crop and 
sorghum and sesame as sideline crops. The estate has during the current cultivation 
season reached its maximum since independence and is cultivating 4000 ha of cotton, 
sesame and sorghum. 
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Elabered is an integrated agro-industrial estate engaged in the production of dairy cattle, 
pigs, horticultural crops such as citrus and leafy and fruit vegetables in a total area of 300 ha. 
 Processing of tomato paste and pasteurised milk from its products is part of the agro-
processing activities the estate performs. 
 
Sawa and Afhimbol Agro-Industry is a parastatal enterprise engaged in the production of 
high-value horticultural crops targeted for both internal and external markets. Both farms 
make use of pressurized irrigation systems (mostly drip) in a combined area of 800 ha of 
land. 
 
Smallholder irrigation schemes  
These schemes can further be grouped into two types: 
 
1. Schemes where modern irrigation infrastructure have been constructed or are in the 
pipeline and the MoA is taking care of the management of the system together with 
community leaders. A typical example of this type is the Eastern Lowlands Wadi 
Development Project, which covers Laba, Mai-Ule and Labka diversion structures, and 
the development of the command area downstream of these structures. 
2. Schemes that are run by informal/traditional water users associations are another 
category of irrigation development. In this case community leaders are shouldered 
with the responsibility of distributing water to all members of their association/ 
community.  
Private commercial farms 
Commercial farming for the purpose of producing high-value horticultural and 
floricultural crops is at its infancy. Floricultural products are currently produced and 
exported by one commercial farm in the environs of Asmara. Other commercial farms of 
some significance are Gash Farm (300 ha) and Barka Wedi Leggess Farm (600 ha). These 
enterprises employ furrow irrigation and need major improvements or a shift to 
pressurized irrigation.  
 
There are commercial farms of different size and degree of sophistication in different 
parts of the country. The quality and quantity of their products however need a long way 
to go before they qualify for quality-seeking local consumers in general and exporters of 
these products in particular. Currently commercial farming is spreading rapidly in the 
highlands as well as in the Western Lowlands. In the latter case, the potential for the 
intensification of existing commercial farms and their expansion to new areas is high 
which may have problems. Giving more emphasis to crop production should be carefully 
weighed so as not to make it at the cost of downsizing the livestock sub-sector’s 
development. 
 
Evolution of irrigation development  
Historical development of irrigation 
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The history of irrigation in Eritrea dates back to the Italian colonisation. Colonial records 
reveal that various trials related to the cultivation of commercial crops such as cotton and 
tobacco were undertaken as early as 1901. Agricultural research stations were 
established at different locations of the country. In the lowlands, in addition to high value 
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earning, rainfed crops, some horticultural crops such as date palm, bananas, papayas, 
citrus fruits and various other tropical plants were cultivated on an experimental basis. In 
the highlands, large-scale tests were made on potatoes, medicinal plants and various 
types of legumes. In the years that followed, massive areas of agricultural land were 
leased to Italian investors for growing commercial crops for export. Eritrean farmers were 
also encouraged to change their traditional agricultural habits by cultivating cash crops 
and by working in the lowlands as sharecroppers. By 1930 a total area of only 9,000 ha 
was cultivated commercially in both the Eastern and Western Lowlands of Eritrea. The 
Tessenei Irrigation System, with an area of 3000 ha, was completed in 1928 and formed 
part of this commercial production system. 
 
Under the British administration, efforts to make Eritrea self-sufficient in vegetables, 
fruits and grain was further pushed. This was originally motivated by the difficulties of 
importing these crops during World War II. Several thousands of hectares of land were 
given as concessions to Italian market gardeners. By 1950, they were not only meeting 
the local European demand for fruits and vegetables, but were also exporting a small 
surplus to Yemen and Saudi Arabia. Commercial farming continued to expand both in the 
highlands and lowlands during the Federation/Annexation period (1952-1962). The 
Elabered and Ali-Ghider Estates, the horticultural farms in the Barka region and their 
expansion to Ghinda, Dekemha e and Mai-Aini are leading examples. Some of the 
vegetables and fruits such as green pepper and banana were exported to Europe and 
Saudi Arabia. 
r
 
Irrigation development during pre-independence  
The start of the armed struggle in 1962 and its intensification in the early 1970s led to 
the drastic decline of commercial agricultural development. The nationalization of the 
commercial farms of Ali-Ghider and Elabered by the Ethiopian Government led to the 
further decline of irrigated agriculture. As the war intensified, agricultural development 
activities deteriorated further, to the point where almost all research stations were 
abandoned, commercial farms were closed and exports came to a halt. 
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The first part of the armed struggle (from 1962-1974) was dominated by the fight for the 
sustenance of the struggle for the liberation of the country. In 1975, the Eritrean Peoples 
Liberation Front (EPLF) started to produce part of the food needs of its fighters and 
commenced crop production activities with the support of spate irrigation in Mersa 
Gulbub. A structure for agriculture was created after the first EPLF congress in 1977. This 
marked the beginning of the Front’s involvement in different aspects of agriculture 
including irrigated horticultural production in concessions that were in the liberated 
areas. With the liberation and rehabilitation of the Ali-Ghider scheme in 1985 the 
production of irrigated crops began. In 1984 the Commission for Agriculture was established 
with soil and water conservation as one of the sub-commissions. The commission was 
restructured in 1986 and was defined by five sub-commissions and land resources was 
one of the sub-commissions responsible for the development of irrigated agriculture 
through the construction of ponds, diversion structures and soil bunds for field 
embankments. This led to the establishment of farmer-managed irrigation schemes in 
different parts of the Eastern and Western Lowlands of the country as well as in the 
liberated areas of the Central Highlands.   
 Irrigation development during post-independence 
After the total liberation of Eritrea, a conference on economic policy was held at the 
University of Asmara on 22-24 July 1991. The following were among the specific 
objectives spelt out in the future agricultural development agenda of Eritrea as related to 
irrigation:  
 
− To expand the building of dams and irrigation canals as well as to exploit 
subterranean waters in order to alleviate water shortages and to effectively use our 
limited water resources in a manner that does not entail ecological imbalance and 
damage; 
− To expand on cash crops as a source of foreign currency, but not at the expense of 
food crops; and 
− To expand agricultural ventures that employ modern machinery, techniques and 
technology to reinforce and supplement, but not at the expense of the agricultural 
activities carried out by a broad participation of the population. 
A phased approach for the reconstruction of the country was thus prescribed after an 
assessment of the grave economic situation the new nation faced. These are: a) a short-
term rehabilitation and reconstruction phase (1993-95) to be followed by b) a medium-
term reconstruction phase (1996-2000); and c) a sustainable long-term development 
phase (beyond the year 2000). 
 
The preparation of technical studies for the potential for irrigated agriculture and the 
provision of technical assistance to investors in small and large irrigation projects was 
part of the medium-term rehabilitation/reconstruction phase. Unfortunately, the second 
phase was disrupted in mid-1998 with the eruption of the border conflict with Ethiopia. 
The long-term development phase (2000-2010) gives more emphasis to irrigation work 
and proposes the construction of dams, diversion structures and culverts, and the 
promotion of spate irrigation in potential areas such as Hazemo, Sheeb, Wadi-Labka and 
Gash-Barka. This aims at targeting about 70,000 farmers growing cereals, fruits and 
vegetables, and rearing livestock. These policies and strategies are presently under 
revision and are to be incorporated in the national poverty alleviation and food security 
strategy, which is currently under formulation. 
 
Institutional development 
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As indicated in the preceding sections, irrigation development as related to horticultural 
and cereal crop production was given high prominence. But due to lack of investment 
capacity from the part of the government and the private sector, irrigation has not 
developed to the desired degree. Institutionally, irrigation was consistently kept at 
division level throughout the different organisational structures formulated and 
implemented in the MoA. The most recent reorganisation of the MoA in 2003, gives high 
prominence to irrigation as a discipline. Together with extension and mechanisation, 
irrigation is one of the major divisions in the new Department of Agricultural Promotion 
and Development. The Government of Eritrea in general and the MoA in particular believe 
that food security could not be achieved through agricultural practices that are based on 
rainfed production systems. This is because rainfall has been totally unreliable both in its 
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total quantity and distribution over the last several years. The conservation and use of 
run-off water at village, sub-zoba, zoba and national levels for boosting agricultural 
productivity has thus been initiated by the government and is gaining momentum. The 
concentration of human, budgetary and other resources for boosting agricultural 
production through irrigation supported agricultural activities in selected promising 
potential areas (Sheeb, Hazemo and Guluj) has thus been given a very high priority. The 
success of these initiatives in these pilot areas will set an example for following suit in 
wider areas elsewhere in Eritrea.  
 
Trends in irrigation development 
I rigation potential r
The knowledge of the irrigation potential of any country is essential because it serves as a 
base for the formulation of irrigation development strategies. Moreover, it gives a 
benchmark for monitoring progress within the irrigation sub-sector. In estimating the 
irrigation potential, factors such as surface and ground water resources, availability of 
suitable land, cropping patterns and the irrigation technologies to be used should be 
taken into consideration. Such studies have not been fully conducted in Eritrea. Estimates 
of Eritrea’s irrigation potential have been made at different times. The government 
launched one study, under a project title “Water Resources and Irrigation Potential of 
Eritrea,” with EU funding back in 1996. Its objective was to conduct an exhaustive study 
on both surface and ground water resources and directly relate the findings to the 
irrigation potential (availability of suitable land) of the country. The study was not 
completed for various reasons. It has however obtained satisfactory results in some 
specific areas such as surface water and some aspects of agriculture (cropping patterns, 
land suitability etc.). 
 
The irrigation potential of Eritrea, though roughly estimated at about 600,000 ha does 
not have a good basis for being accepted for strategy formulation purposes. There is a 
wide disparity in the estimated irrigation potential of Eritrea, ranging from as low as 
100,000 to as high as 600,000 ha. The need for accurate estimates and thus for the 
completion of the above-mentioned study by the concerned government bodies i.e. the 
MoA and the Ministry of Land Water, and Environment (MLWE) becomes a very timely and 
crucial issue. 
 
Irrigation development 
The dominant irrigation systems in Eritrea are spate and furrow/basin irrigation. The 
Yemenis introduced spate irrigation to the Eastern Lowlands while the Italians introduced 
furrow irrigation to land that they grabbed from Eritreans in different corners of the 
country. Both events took place towards the turn of the twentieth century.  
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Out of the 28,000 ha under irrigation (i.e. 4.5% of the irrigation potential), 22,000 ha 
(79%) is under spate irrigation. The remainder 6,000 ha (21%) is under furrow/basin 
irrigation. Despite the slow rate of irrigation development in Eritrea there are a number of 
promising irrigation technologies with high water-use efficiency being implemented in 
small and medium scale schemes. These include the Hagaz and Alebu family drip 
irrigation systems and the medium-scale drip and sprinkler irrigation systems in Ala, 
 Keren, Hagaz, Sutur, and Sawa-Afhimbol. A number of these recently introduced 
techniques seem to be gaining more attention and popularity in Eritrea. Increase in the 
acreage resulting from these technologies is however not significant enough to be of any 
influence to the national statistics of irrigated agriculture. 
 
Factors affecting irrigation development 
High cos  of i rigation development t r
t t
s r
Initial capital investment costs in irrigation development in general are much higher than 
those for rainfed agriculture. Further cost escalation is encountered if horticultural 
production, which is highly capital-, labour-, and input-intensive, is considered. Costs 
incurred in pump-fed irrigation schemes are also generally higher than those of gravity-
fed schemes. Another dimension of investment cost escalation is the technology used i.e. 
drip, sprinkler, gated pipe, furrow etc. 
 
Farmers’ access to credit facilities 
Farmers engaged in irrigated agriculture in general and those in the smallholder category 
in particular lack financial resources to invest in irrigation activities. Credit from 
commercial financial institutions is available only with the provision of a collateral. 
Financial institutions at the same time find it risky and expensive to administer such 
credits, which adds to the problem of their availability. 
 
Lack of clear policy on irriga ion developmen   
The lack of a national policy that would create an enabling and conducive environment for 
irrigated agriculture has constrained irrigation development in Eritrea. The 1994 Macro-
policy document of the government on irrigation development states that it is the policy 
of the government to promote “improved agricultural production through the development 
of irrigated land and by enhancing the productivity of peasants, pastoralists and agro-
pastoralists”. This should be further elaborated if irrigation development is to be implemented 
effectively. 
 
Support e vices for irrigation development 
In the majority of cases, areas with high potential for irrigation development are located 
outside of the main road system of the country. These areas are characterized by 
inadequate infrastructure such as access roads, marketing outlets, extension services, 
etc. The slow pace of irrigation development in some parts of Eritrea is attributed to these 
factors. Smallholder farmers face serious problems of marketing fresh horticultural 
products. Inaccessibility of some schemes due to bad roads, lack of diversification and 
controlled production coupled with the manipulation of markets of horticultural products 
by middlemen are some of the underlying reasons.  
 
Water allocation for irrigation in the future 
ESAPP / AEAS / SLM-Eritrea / SFSA / CDE     11
Agriculture in general and irrigation in particular consume a great deal of water. There is 
an inefficient use of water for irrigation while the demand for the expansion of irrigated 
agriculture is, at the same time, high in the country’s development agenda. The need for 
the introduction of measures that will foster sustainable increase in the productivity of 
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water (kg of produce per m3 of water) through better management of irrigation is of 
utmost urgency and importance. 
 
In Eritrea water is considered as a free commodity. Farmers are not required to pay for 
the water they use for irrigation purposes. They are thus reluctant to make the most 
efficient use of the water which they get at no cost. The need for levying charges for 
irrigation water thus becomes another timely and urgent issue. Recently the Gash-Barka 
regional administration has introduced measures in line with this principle. It is hoped 
that farmers will refrain from using water lavishly for fear of paying high costs thus being 
pushed to producing more from a limited quantity of water.  
 
Evaluation of irrigation development 
There is a need to evaluate past and current irrigation development in Eritrea in order to 
map out sustainable future strategies. There are a number of innovative approaches 
being developed and adopted by farmers. These approaches are inexpensive and easily 
manageable. They include low-cost drip irrigation techniques distributed by the Centre 
for Development and Environment (CDE), University of Berne in collaboration with the 
College of Agriculture (CA), UoA. The family drip system being introduced by an NGO, 
CONCERN International, in Hagaz and Alebu is a case in point that deserves mentioning.  
  
These new technologies have not been evaluated in light of their technical and socio-
economic performances. The possibility of introducing high level technologies of 
pressurized irrigation such as green house and open-field farming systems to small-
scale users need to be explored. Such an evaluation could assist in identifying constraints 
and opportunities for future strategies that address water scarcity and the securing of 
food at household and national levels. 
 
The evaluation should be conducted with the primary objective of understanding the 
factors affecting the viability of irrigation development in Eritrea, with the aim to: 
− evaluate the trend of irrigation development in Eritrea, 
− identify and analyse underlying socio-economic factors influencing irrigation development, 
− identify challenges and opportunities for improving irrigation schemes, 
− review health and environmental issues related to irrigation, 
− determine governance issues such as water rights, access to and use of water, and 
water abstraction permits, 
− identify promising technologies, especially water-efficient irrigation technologies to 
be promoted, and 
− contribute to the technical, economic and social evolution of irrigation development 
in Eritrea. 
Conclusion and way forward 
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The main source of agricultural growth in Eritrea should be based on better water control 
and use. The pace of the development of irrigated agriculture has so far been very slow. 
 The development of small areas in the highlands and the rehabilitation of colonial estates 
have so far not impacted the national statistics of irrigated agriculture. The 
commissioning of a national survey of surface and ground water resources, though 
incomplete, was a promising step in the right direction. 
 
The incompleteness of the irrigation development strategy and the lack of adequate 
numbers of trained people have hindered the development of irrigated agriculture. The 
implementation capacity of the MoA should thus be commensurate with the need for 
boosting agricultural production through irrigated agriculture. Hence the way forward 
would be:  
− to complete the study on water resources and irrigation potential for the country, and 
use it to define priority areas for irrigation development based on technical, financial 
and social analyses, 
− to urgently improve the capacity of the MoA in the design and implementation of 
irrigation projects both at ministry and zoba levels, and 
ESAPP / AEAS / SLM-Eritrea / SFSA / CDE     13
− to give enough public support to smallholder irrigation schemes in the form of 
technical assistance in the design and construction of irrigation infrastructure, 
capacity building in water and farm management and in the formation of viable water 
users associations. 
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Abstract 
Eritrea is not a “physically” water scarce country; but its current technological capabilities 
do not allow the extraction of water, sufficient to meet the food production demand of 
the population. At present, the annual water withdrawal rate is estimated at 4% of the 
renewable water resource. This needs to be increased to at least 25%, if Eritrea is to 
adequately feed the 2025 projected population of 8.5 million. One way of achieving this 
is by introducing feasible irrigation technologies that extract and distribute water 
efficiently. In line with this, some activities are being carried out to improve traditional 
irrigation schemes practiced in the lowlands of Eritrea. However, no systematic study has 
been conducted to measure the performance of these irrigation schemes. Performance 
measurement could only be beneficial and relevant, if an agreed set of performance 
indicators exist among the irrigation engineers and managers, researchers and irrigation 
policy makers. With this set of indicators, irrigation engineers and managers can maintain 
a clearer sense of priorities and goals, they can set targets, and their staff incentives can 
be based upon achievement of these targets. The researchers working on different 
irrigation systems can find a common ground for saying whether one system is 
performing better or worse than the other and policy makers can make proper and 
coherent evaluation of policy alternatives. This paper therefore attempts to address 
questions like ‘What is a good performance?’ ‘What are the performance indicators for 
canal irrigation systems?’ and ‘How can we measure them for impact assessment?’  
 
Key words: Canal irrigation, Eritrea, performance indicators, performance measurement 
 
Introduction 
Eritrea, a small country with a total land surface area of 121,320 km2, is located in the 
Northeastern part of Africa between latitudes 12º40’ and 18º 02’ N; and longitudes 
36º30’ and 43º23’ E. About 80% of the 4.3 million people in Eritrea depend on agriculture 
for their basic food needs. Agriculture mainly consists of subsistence rainfed crop 
production, irrigation and pastoralism.  
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Irrigated agriculture currently covers about 28,000 ha (FAO, 1997) with a potential 
variously reported at about 300,000 ha and 600,000 ha (FAO, 1994). In Eastern and 
Western lowlands of Eritrea, traditional canal-fed runoff irrigation systems have been and 
still are widely practiced. Since 1993 however, these systems have been subjected to 
modernisation that mainly focused in replacing them wholly or partially. To-date, an 
agreed set of primary irrigation performance indicators has not been developed and there 
are no systematic studies conducted to assess the performance of these modernised 
schemes. 
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Therefore, this paper attempts to address the issue on how to measure the performance 
of large-scale, smallholder multiple-user ‘canal’-fed irrigation systems, and the most 
important indicators to be considered.  
 
The term “canal” is used here to refer to earthen- main, secondary, tertiary and 
quaternary field canals. The majority of the smallholder farming households in Eritrea 
who are involved in irrigated agriculture have a land holding of 2 ha or less. Most farmers 
utilizing the macro-catchment runoff irrigation systems in the eastern lowlands of Eritrea 
have irrigable areas ranging from 0.25 to 1 ha (Mehari et al., 2003). While majority of the 
farmers involved in micro-catchment runoff irrigation, such as those in Bultubyay, Areda 
and Fanko, own fields ranging between 1 and 2 ha. Different researchers quantify ‘large-
scale’ differently between countries and within a country. In this paper, any irrigation 
scheme with a total irrigable area of 200 ha or more is considered to be a large-scale. 
This will validate almost all the runoff irrigation systems in the eastern and western 
lowlands for the discussions presented in the following sections.  
 
Characteristics of good performance 
The main agricultural policy of Eritrea is ensuring food self-sufficiency and/or food 
security. The primary purpose of modernising the traditional irrigation systems is 
therefore to enhance production of food and fibre both in quality and quantity. As argued 
by Abernethy (1986), irrigation systems are built to boost crop production and it is on the 
bases of their agricultural crop output that they ought, first and foremost, to be assessed. 
This statement may be slightly diluted, when dealing with a “welfare” irrigation system. A 
welfare irrigation system, which is not uncommon in Eritrea, is a system where the major 
drive for modernisation is the provision of improved quality of life for some less fortunate 
region or social group, rather than making any significant contribution to national 
agricultural production. Nevertheless, even in those cases, a certain modernisation 
project cannot make much sense unless it results in a higher agricultural output.  
 
It is however difficult to adopt ‘increase in production’ in total land area and per unit 
piece of land, as the main indicator of irrigation systems’ good performance. Yield 
increase can be induced by a very wide range of factors, among which are: a change in 
the accounting system of the organisation that manages and purchases the product and a 
rise in the price, which has little or nothing to do with the quality of irrigation.  
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If the performance of an irrigation system is to be measured, the first thing that needs to 
be answered is how irrigation differs from rainfed agriculture, and what its primary 
functions are. So, one clear yardstick is whether the irrigation system fulfils these 
functions and to what degree. Irrigation is generally defined as a system for artificial 
provision of water at times and places where crops can utilize it (Till and Bos, 1985). This 
definition however needs to be fine tuned to fit to the functions performed by each of the 
different types of irrigation systems. In the case of the large-scale, smallholder, and 
multiple user irrigation system, the definition should read, irrigation is an artificial 
delivery of water where and when it is needed in right quantities, regularly, reliably and 
equitably. Therefore, if such an irrigation system is to be labelled as a good performing 
 system, it must be durable and last its whole design life, while at the same time fulfilling 
the functions outlined in its definition. 
 
Performance indicators  
Many irrigation performance indicators are described in literature. Rao (1993) provides 
the most comprehensive review. More recently, the International Irrigation Management 
Institute (IIMI), has proposed and begun testing a “minimum set of performance 
indicators”, of which, the most crucial describes additional economic value of irrigated 
agriculture per unit quantity of water (Perry, 1995). The application of a universal 
indicator (set of indicators) for the performance evaluation of all irrigation systems is 
however impossible. This is mainly due to the fact that there is no agreement among 
irrigation specialists on what such a universal indicator (or set of indicators) might be, 
because of the variation in the types of irrigation systems, in their physical, social, and 
economic conditions, and in their objectives. Gillot and Bird (1992), argue that the 
method of performance assessment and the nature of the indicators required are 
dependent on the objective of the assessment, which in turn are related to the viewpoint 
of the assessor. 
 
In this paper, as stated earlier, the type of irrigation system has been identified, and the 
objectives of the performance assessment is assumed to emerge from the definition of a 
selected irrigation system. Therefore, a set of the possible primary indicators could be 
suggested. The presence of an agreed set of indicators could help irrigation engineers 
and managers to maintain a clearer sense of priorities and goals, to set targets and base 
their staff incentives on the achievement of these targets. Researchers will find common 
basis for saying whether a certain system is performing better or worse than another 
similar system. Policy makers could also find a common ground for making proper 
evaluation of irrigation policy alternatives. 
 
The primary indicators considered to be relevant for the selected irrigation system are: 
equity, regularity and reliability of water distribution and durability of the system itself. 
These indicators will be first discussed in detail and finally, the “cost of operation and 
maintenance” will be presented as a possible important secondary performance indicator.  
 
Equi y t
Equity, spatial uniformity, or fairness of water distribution, is a very important parameter 
that should be met by an irrigation infrastructure and the engineers and managers 
working in multiple user irrigation systems. In this context, ‘equity’ does not necessarily 
mean that all the farmers involved must receive the same quantity of water for the same 
unit of irrigable land. As is the case in many irrigation systems in developing countries, 
certain farmers (due to, for example, their higher contribution to the maintenance of the 
system and/or their traditionally accepted higher status in the village) could receive more 
water than the rest. No matter how big a share this group of people take, if the majority 
of the farmers perceive it as acceptable, the distribution could still be considered as ‘fair’ 
and ‘equitable’.  
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Inequality of water distribution has a direct influence on productivity, because it implies 
very poor utilization of some of the water. The area getting less water than its agronomic 
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requirement will operate below its productivity potential. Whereas, the sites receiving 
excess water, will not show any yield improvement as the extra water is not serving a 
productive purpose.   
 
Equity of water distribution, which is what is being discussed here, is not necessarily the 
same as the equity of income distribution. The case could be that in irrigation systems 
where there is inequitable water distribution between the head and tail end farmers, the 
upstream land could have higher price. Hence, farmers in the tail end may be able to buy 
or rent land much more easily and they could relatively have larger land holding. It is 
therefore difficult to assume that the head-end farmers get higher income per unit family 
than the tail-end farmers, before looking at the farm size and land values.  
 
Inequity could occur at the field level, between users of a common field canal, and at the 
main system distributing water to the field canals. The inequity at these three levels could 
be quantified, but requires different methods and types of data. Measuring inequity at 
field level requires soil moisture measurements at numerous points, preferably using the 
gravimetric method and/or the Time Domain Reflectrometry (TDR) instrument. It is an 
expensive research, if it is to be done properly. It is however only necessary to do these 
measurements if a major rehabilitation, where levelling and grading is the major 
component, is to be implemented. Quantifying the degree of inequity at the field canal 
level requires data collection at the inlets of the canals. Inequity in smallholder, multiple 
user irrigation systems is very critical for evaluating the performance of the organisation 
in charge of water distribution. Unfairness at this level of the system usually causes fierce 
conflicts among irrigators and the members of the responsible organisation. Undertaking 
measurements at this level will provide a useful data on the quality of farmer managed 
tertiary units, leading to making decision on whether to provide farmers a higher 
responsibility, i.e. the control of the main system or just resort to help them develop 
monitoring mechanisms to better manage their tertiary units. The quantification of the 
inequity at the main system level only needs few water flow measurements at the off 
takes of the major canals, where in most cases measuring devices are in place. This is 
important for evaluating the performance of the responsible irrigation agencies.    
 
A number of irrigation engineers have proposed various measures of inequity. 
Christianson (1942) suggested a coefficient, which is widely known as Christianson 
Uniformity Coefficient, Till and Bos (1985), the standard deviation, and Abernethy (1986), 
the inter-quartile ratio. The inter-quartile ratio provides a data that could be easily 
interpreted and communicated to farmers. It is therefore considered here to be the best 
parameter and is discussed in detail below.  
 
The original inter-quartile ratio (I1) is defined as h75/h25, where h25 is the depth of 
water such that a quarter of the whole land receives less than this and h75 is the lowest 
limit of the most favoured quarter (Table 1). When the data available is limited, which 
usually is the case, h75 and h25 are not distinctly defined. This problem has made it 
necessary to develop a modified inter-quartile ratio (I2), which is also defined as 
h75/h25, but h75 and h25 are taken as the average depth of water received by the best 
and the poorest quarters respectively (Table 1). 
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 The original and modified inter-quartile ratios of 1.5 and 3.2 indicate that the fortunate 
farmers at the head end that only occupy a quarter of the total irrigable area, received 
respectively one and half, and just over three times as much as water as the tail-end 
farmers irrigating the most disadvantaged quarter of the whole holding. 
 
Table 1  Water distribution data fo  Determina ion of I1 and I2 r t
 
Source: Hypothesized by author   
Original Inter-quartile ratio (I1)= h75/h25 = 23/15 = 1.5;   
Modified Inter-quartile ratio (I2)= = h75/h25 = 29/9.2 = 3.2 
 
Regularity and reliability  
Regularity and reliability of water are other important performance indicators. Regularity, 
here is not simply the uniformity in time, but delivery of water according to set irrigation 
schedules that match with the crop water demand during the various growth stages, 
namely the initial, development, mid season, and late season stages. Irregularity of water 
distribution implies waste and/or scarcity of water, as at times, the deliveries are either 
greater or smaller than needed. 
 
Like regularity, reliability also deals with the time dimension of water supply. While 
regularity mainly focuses on whether the amount of water will be delivered according to 
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Holding  
number 
Area  
(ha) 
Water received 
(mm) 
1 4 7 
2 4 7 
3 4.5 7 
4 2.5 9 
5 19 12 
6 3 13 
7 7.5 15 
8 1.5 15 
9 6 16 
10 4 16 
11 8.5 17 
12 17 19 
13 6 19.5 
14 6 19 
15 3 21 
16 5.5 22 
17 10 23 
18 11 27 
19 8 29 
20 17 30 
Total 148  
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schedule, reliability particularly deals with whether the water supply will happen 
according to the time schedule. The nature of regularity and reliability highly influences 
farmers’ attitude to water. If experiences teach farmers that the field canal system does 
not ensure the supply of water as planned and thus the arrival of water is unreliable and 
irregular in amount, farmers can react in at least two ways. Firstly, farmers who are at the 
head-end, or those who have influence on members of the managing institutions, will 
strive to take more water than they actually need from the first delivery, assuming that 
the second delivery will be delayed. This could induce inequality and possibly conflicts 
among the users and the responsible irrigation institution staff. Secondly, farmers, 
particularly those at the tail end, being left with no other option, could use drought 
resistant varieties to cope with the scarcity of water they may be frequently subjected to. 
This may cause yield reduction. 
 
When measuring the degree of irregularity or unreliability of water supply, it is not only a 
matter of counting up the number and amount of deviations from the design schedule, 
which is what the Christianson method suggests. Continuous water shortages and/or lack 
of any delivery for about 3 weeks will have more negative impact on the crop yield than 
the same sort of water shortage occurring at occasions widely distributed over the whole 
crop life period. Moreover, poor regularity and reliability of water will have more profound 
impact on certain crop growth stages, than in others. In run-off irrigation systems in 
Eritrea, crops have to grow during their entire life period on the amount of water and 
nutrients supplied prior to sowing, during the months of July to September. In such 
systems, the month during which the irregularity happens greatly matters. Farmers are 
very sensitive to poor regularity of water (i.e. to poor ability of the system to divert each 
flood occurrence) in July than in September. This is mainly because the floods in July are 
assumed by farmers to be rich in nutrients (organic manures) and have a cooling effect on 
the soil. Furthermore, in surface irrigation systems, unlike in pressurized systems, water 
cannot be supplied on daily basis, but on a weekly or even biweekly basis. Therefore, 
there is high reliance on the water holding capacity of the soil, to make sure that the 
intermittently supplied water is available for continuous uptake by the crop. Hence, in any 
methodology applied to measure whether water is being adequately delivered or not, 
water holding capacity of the soil and the crop’s response to water must be incorporated.  
 
The best approach to assess the impact of irregularity on the system performance is the 
concept of relative water productivity (Abernethy, 1984). In this approach, first the water 
demand curve during the whole growth period of the crop should be constructed for both 
the moment and amount of water supply. This can be done using the necessary climatic, 
crop and soil data with the help of the Modified Penman and/or computer models like the 
CROPWAT model. The data could then be compared with the actually delivered amount of 
water, which could be measured using gauged stations, where possible, or applying 
simple velocity-area methods. Finally, with the help of crop-water response tables, such 
as those in FAO (1992), the loss in the productivity during the times when the delivery of 
water was below or in excess of the actual demand, could be calculated for each growth 
stages of the crop.  
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 Durability 
Durability, often referred to as sustainability, is a rather more difficult parameter to put 
into numbers. It can be defined as the ability of the system to last its whole design life 
span, while reasonably delivering the right quantities of water: equitably, regularly and 
reliably. One of the major threats to the durability of irrigation systems, particularly in 
arid and semi-arid countries like Eritrea, is soil salinity build up; but also fertility 
degradation plays a significant role. Worldwide, about 500 million ha, nearly one third of 
the total arable land, is affected by severe salt concentration. Of these, 60 million ha 
(about 22 %) of the total irrigated land suffer from salinisation entirely caused by bad 
irrigation (Hofwegen, 1998). It is therefore very important that regular soil survey is 
conducted and soil and water samples are tested for salinity levels. Based on this 
assessment, remedial measures, among which is installation of adequate drainage 
facilities, and application of appropriate frequency and amount of leaching, could be 
introduced.  
 
Durability is also directly influenced by poor maintenance of the system infrastructure, 
commonly referred to as the “Hardware”. Often, modernisation of the “Hardware” is done 
without proper consideration of the capacity of the managing institutions in place, the 
“Software”. The mismatch between “Hardware” and “Software” is usually reflected in a 
poorly maintained system. Canals, particularly in spate irrigation systems, become 
frequently silted up, reducing their water delivery capacities. Sediment or gravel traps 
retain excessive sediments, levelling the off takes of rejection weirs in the middle of a 
flood season, which induce loss of water. In addition, command area development 
structures, partially or wholly destroyed by floods, remain damaged or poorly maintained 
causing loss of water in some parts of the system. These problems result in inequity and 
irregularity and unreliability of water delivery and are potential causes for conflicts among 
the farmers.  
 
Hence, it is worth discussing the issue of whether the “cost of operation and 
maintenance” could be considered as the major performance indicator. This parameter 
has a direct link with durability; but low-cost of operation and maintenance cannot be put 
as a goal by itself. Doing so will most probably not lead to attaining the major goals we 
have set. It is only after we have properly measured and obtained a dependable data on 
how well we achieve our primary goals, we can proceed to investigate what is going to 
happen to the system performance, when we reduce or increase the operation and 
maintenance costs.  
 
Conclusion 
Performance measurement in irrigation systems is important, as it will provide valuable 
and credible information on where in the system and what kind of improvement 
interventions are needed. Performance measurement could however be only meaningful 
and beneficial, if there are a set of primary indicators and goals, agreed upon by at least 
the irrigation engineers, researchers and policy makers working in different parts of 
Eritrea, but in similar irrigation systems.  
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In this paper, an attempt was made to show that the major goals of a large-scale, 
smallholder, multiple user, canal-fed irrigation systems are attaining equity, regularity, 
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and reliability of water delivery and the durability of the system. When attempting to 
quantify these indicators, it is very important to use easy parameters, such as the 
modified inter-quartile ratio for equity and the relative water productivity for regularity to 
be able to communicate with a laymen audience. It is also equally important to investigate 
the root causes that have led to the data obtained on the major goals, as this will help to 
design and implement appropriate technical and/or institutional remedial measures.  
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Abstract 
This paper describes the principles and practices of the runoff irrigation systems in the 
Western Lowlands of Eritrea, their potentials, constraints and possible improvement 
interventions. Runoff irrigation is a method of irrigation that directs surface runoff 
induced by rainfall from upland areas, which is discharged through streams to irrigate 
nearby fields in the lowlands. Field surveys were conducted in selected runoff irrigation 
schemes such as in Bultubyay, Areda, Falko and Mogoraib, as a case study. At present, 
there are about 1,750 ha of land under runoff irrigation schemes in the Western Lowlands 
of Eritrea but the potential is estimated to be 50,000 ha. The main constraints observed 
(in those irrigation schemes) were poor design of diversion and canal structures because 
of little knowledge on rainfall volume of the catchments, stream flow discharge, sediment 
load, irrigation efficiency, soil properties of the area and crop water requirements. 
Furthermore, there are no interior basin bunds in the irrigated fields that could slow 
down the flow of runoff water and allow the sediments to settle. The lessons learned from 
this study revealed that the characteristics of the catchment, rainfall, stream flow, 
sediment concentration, irrigation efficiency, soil properties and socio-economic conditions 
should be studied in order to select suitable sites for runoff irrigation schemes and for 
proper design and construction of the irrigation structures. Apart from this, training and 
field visit to similar irrigation systems in the Eastern Lowlands of Eritrea will enhance the 
knowledge and skills of the Western Lowland farmers on runoff irrigation systems. 
 
Key words: Eritrea, irrigation design, runoff irrigation, Western Lowlands. 
 
Introduction 
Irrigation is one of the methods used to increase food production in arid and semi-arid 
regions. It can enhance food security, promote economic growth and sustainable 
development, create employment opportunities, improve living conditions of small-scale 
farmers and thus contribute to poverty reduction and protects the environment from 
pollution. Furthermore, it increases subsurface water levels and recharges ground water. 
On the other hand, if irrigation is not properly managed, it can have adverse effects on 
the environment and the users. For example, the irrigation water in the channels could 
create a climate, conducive for mosquitoes to multiply, thus contributing to the spread of 
malaria and other water borne diseases. Apart from this, irrigated agriculture supplied 
with poor drainage infrastructure may lead to salt build-up in soils and the groundwater. 
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It is estimated that 70-80% of the population in Eritrea makes a livelihood on the 
production of crops, livestock and fisheries. The population is expected to rise from 4.3 
million in 2001 (CIA, 2002) to 5.4 million by 2010. On the basis of 0.16 ton of annual 
food requirement per person (World Bank, 1994), the total annual food requirement by 
the year 2010 would be 864,000 tons. According to CIA (2002), the total potential arable 
Irrigation Development in Eritrea 
land in Eritrea is estimated at 1.5 million ha, with nearly 50% of which is found in the arid 
lowlands and semi-desert agro-ecological zones. These two zones receive, on average, 
200-400 mm of rainfall, which is low for agricultural production unless otherwise 
supplemented by irrigation. 
 
Using the average grain yield of 0.74 ton/ha (World Bank, 1994), about 1.2 million ha of 
land should be cultivated to satisfy the food requirement of the population in Eritrea by 
2010. However, there exists only about 750,000 ha land suitable for rainfed agriculture 
(CIA, 2002). Therefore, increasing agricultural production could be realized only if 
intensification of agriculture complements rainfed agriculture. Intensification of 
agriculture, through developing new irrigation systems (e.g. drip irrigation) and 
improving the existing systems (e.g. runoff irrigation system) in the potential irrigable 
areas of Eritrea, would enhance food security and sustainable development. 
 
Runoff irrigation systems (RIS) 
Principle  and practice  of runoff irrigation s s
Runoff irrigation is a method of irrigation that directs large quantities of surface runoff 
induced by rainfall in the upland areas, which is emitted through normally dry streams to 
irrigate fields in the lowlands. The runoff water is diverted by means of simple earthen, 
brushwood, gabion or concrete structures to the fields. The fields are flooded at least 
twice to three times to a depth of a minimum of 50 cm. The purpose is to provide more 
water during the rainy season thereby reducing the risk of poor yields due to long, dry 
periods. 
 
Runoff irrigation is the oldest form of irrigation, which has been practiced in semi-arid 
and arid areas for millennia. The best-known runoff irrigation systems are found in the 
Arabian Peninsula, notably in Yemen, where it dates back to 2000 years (UNDP/ FAO, 
1987), and the Negev Desert region, which was built during the Israeli, Nabataean and 
Roman-Byzantian periods going back to 1,300 to 2,900 years (Evenari et al., 1971). 
 
Runoff irrigation systems have two main parts: the catchment area, where runoff is 
generated and the field area, where runoff water is concentrated. According to Tauer and 
Humborg (1992) two basic requirements must be met to establish a runoff irrigation 
system. First, there should be a mountainous or hilly topography that generates run-off 
and adjacent low-lying fields on the same plain or at the foot of the slope to which the 
runoff water can be directed. Secondly, the fields should have deep soils that are capable 
of storing ample moisture to supply the crops during periods of no precipitation. This is 
because in runoff irrigation systems, plants receive their supply of water during a dry 
period following a rainfall event exclusively from the moisture thus stored in the soils.  
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Two different types of runoff irrigation systems are employed, depending on the slope of 
the terrain. One is for locations where the catchment area and the fields lie adjacent to 
each other on the same plain called micro-catchment system. The second is a catchment 
area located on a slope with the usually terraced fields at the foot of the slope, called 
macro-catchment system. The ratio of the catchment area to field area in micro-
catchment runoff system varies from 1:1 to 10:1 and in macro-catchment systems from 
10:1 to 100:1. Some of the advantages and disadvantages of these two systems are 
 explained in Table 2. In micro-catchment, there is no loss of potential arable land caused 
by the presence of the catchments, because the catchment areas are sloppy and thus are 
unsuitable for agriculture. Whereas in micro-catchment system, there is loss of arable 
land because the catchment basin and the fields lie on the same plain adjacent to each 
other. 
 
Table 2 Comparison between mic o- and macro-catchment runoff irriga ion systems r t
Catchment Advantages Disadvantages 
Micro Low investment - Structures easily 
built and manageable  
Loss of potential arable land 
Existences of homogenous relief 
Macro No loss of potential arable land- 
Possible expansion of fields 
- High investment - High risk of 
runoff water 
 
The micro-catchment and the macro-catchment runoff irrigation systems are both 
practiced in Eritrea (Figure 1). The spate irrigation system, believed to have been 
practiced in the Eastern Lowlands of Eritrea for over 100 years (Tesfai, 2001), is an 
example of macro-catchment runoff irrigation. Most of the runoff irrigation systems 
practiced in the Western Lowlands of Eritrea, such as those found in Bultubyay, Areda and 
Falko are of a micro-catchment type. 
 
Figure 1 The runoff irrigation systems in Eritrea  
 
The aim of the paper is to describe the principles and practices of the runoff irrigation 
systems in the Western Lowlands of Eritrea, their potentials, constraints and possible 
improvement interventions. 
 
Materials and methods 
Four runoff irrigation schemes (i.e. Areda, Bultubyay, Falko, and Mogoraib) were selected 
as a case study to identify the constraints of the RIS and their development potentials in 
the western lowlands of Eritrea. The methods employed to collect information and data 
on the RIS include literature review, field surveys and group discussion.  
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Prior to field survey, secondary data with regard to land and water resources potentials of 
the western lowlands were collected and studied. Thereafter, field surveys were made in 
two controlled RIS in Areda and Falko and two uncontrolled RIS in Bultubyay and 
Mogoraib schemes to observe how the systems operate. Field observation and discussion 
with the farmers and the MoA extension agents were held at the sites. The discussion 
focused on the constraints of the runoff irrigation systems and their possible solutions. 
Moreover, observation was made on design and construction of the diversion head works, 
irrigation canals and field layouts in both systems. 
 
Results and discussion 
A. Potentials of runoff irrigation systems  
In the following section, the land and water resources of the Western Lowlands and their 
potentials in relation to runoff irrigation system are described.  
 
Water resou ce   r s
r f r  r
Unfortunately, Eritrea is not well endowed with fresh water resources owing to the arid 
climate prevailing in the country and due to shortage of rainfall. Eritrea has five main 
drainage basins, namely the Mereb-Gash, the Setit, the Barka-Anseba, the Red Sea and 
the enclosed Danakil basins (Table 3). All these rivers (except the Setit River) are 
ephemeral which flow during the rainy season from July to September. The Mereb-Gash, 
the Barka-Anseba and the Setit rivers all flow into the western lowlands, and discharge 
towards the eastern Sudanese plains. The Mereb-Gash is a narrow westward oriented 
basin covering the area from the southern part of the central highlands to the Sudanese 
border. The Setit River has perennial flows along the southwestern zone, which shares a 
common border with Ethiopia. The Barka and Anseba rivers originate from the 
northwestern slopes of the central highlands and flow northward to a confluence close to 
the Sudan border in the extreme northwest of Eritrea. Although the annual rainfall volume 
of the Barka-Anseba basin is estimated at 14,815 million m3, the annual flow volume is 
projected at only 41 million m3. This is probably because much of the flow is rapidly 
infiltrated into the sandy plains of the river valleys (FAO, 1994). 
 
Table 3  Estimated catchment area, flow, volume, and ain all of the major d ainage basins in Erit ea 
 
 
Drainage basin 
Catchment area 
 
Catchment 
mean annual 
rainfall 
Catchment 
mean annual 
rainfall vol. 
Annual flow 
volume 
Mean annual 
runoff 
coefficient 
 (1) (2) (3)=(1) x (2) (4) (5) = (4) : (3) 
 km2 mm mio. m3 mio. m3 - 
Red Sea  44,689 350 15,641 444 0.028 
Barka-Anseba 39,506 375 14,815   41 0.003 
Mereb-Gash 23,455 600 14,073 532 0.038 
Danakil basin 10,532 200   2,106 135 0.064 
Setit basin   7,517 650   4,886   49 0.010 
Total  125,699 - - 1,201 - 
Source: WRD (2000) 
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 Land and soil resources 
The currently irrigated area in Eritrea is estimated at 28,000 ha (FAO, 1997), out of which 
spate irrigation covers about 50%. Table 4 shows the estimated potential irrigable command 
areas of the major river basins in Eritrea. Estimates on the total potential irrigable area of the 
river basins have been reported differently as 300,000 ha by EVDSA/WAPCOS in FAO 
(1994) and about 600,000 ha by the MoA report in FAO (1994). The former does not 
cover the eastern lowlands where a macro-catchment runoff irrigation system is 
practiced, and some minor potential areas in the highlands. The latter estimate covers all 
land areas assumed to be suitable for irrigation without considering the availability and 
accessibility of water and the suitability of soils for irrigation. Therefore, both estimates 
cannot be considered reliable and should be treated with caution. 
 
Table 4 Estimates of ir igation potential of the river basins in Erit ea  r r
River basins Potential irrigable land (ha) 
Red Sea 137,000 
Barka-Anseba NA 
Mereb-Gash 67,560 
Danakil basin NA 
Setit 224,600 
Total 429,160 
Adopted from FAO (1994). NA: not available 
 
The total potential area that can be developed to runoff irrigation system in Eritrea is 
estimated to be 187,000 ha. Out of this, nearly 50,000 ha are found along the major river 
basins in the western lowlands and the rest along the coastal plains in the Eastern 
Lowlands of Eritrea, where the spate irrigation system is predominately practiced. 
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The MoA at zoba Gash-Barka has been actively engaged in establishing micro-catchment 
runoff irrigation systems, under both “controlled” and “uncontrolled” diversion systems. A 
controlled water distribution system refers to a system where the main diversion 
structure feeds water to a main canal, which in turn supplies water to a group of 4 to 5 
fields with division boxes. In an uncontrolled system, runoff water is directly fed from the 
headwork to the irrigated fields without distribution canals. At present, there are about 
16 runoff irrigation sites that cover about 1,750 ha irrigated land, benefiting about 1025 
households (Table 5). Most of the households are returnees from the Sudan who own 1-2 
ha of irrigable land. The average family size of the households is about 5-6 persons. 
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Table 5 Runoff i igation types and thei  ir igated areas in zoba Gash-Ba ka  rr r r r
No. of runoff irrigation types Sub-zoba No. of runoff 
sites 
Controlled Uncontrolled 
Total irrigated 
land (ha) 
No. of beneficiary 
households 
Dighe 4 2 2 350 175 
Mensura 2 - 2 250 125 
Mogolo 3 3 - 280 140 
Gogne 1 1 - 150 75 
Haykota 2 - 2 230 140 
Forto 3 1 2 290 170 
Tesseney 1 1 - 200 200 
Total 16 8 8 1,750 1,025 
Source: MoA, (2003) 
 
The majority of the soils in Western Lowlands of Eritrea are classified as vertisols and 
fluvisols according to FAO-UNESCO (1988) soil classification system. The vertisols are 
predominantly found in southwestern lowlands in the extensive clay plains bordering the 
Sudan and the fluvisols develop in the alluvial plains along the major riverbanks. Both 
types of soils are deep with good water holding capacity and consist of high to medium 
fertility. 
 
B. Constraints of runoff irrigation systems 
The constraints of runoff irrigation systems in the western lowlands based on field 
observations and discussions held with the farmers and staff of the MoA in the zoba 
Gash-Barka is given below.  
 
Structural irrigation design and construction  
The problems with regard to design and construction of irrigation structures at diversion, 
canal and field sites in the runoff irrigation schemes could be described as follows: 
Firstly, the designs of the main diversion structures in most of the runoff irrigation 
schemes are not based on long-term measured data of flood discharge. The lack of 
knowledge on flood discharge could have a two-fold problem. The estimated peak 
discharge could be unrealistically high resulting in an expensive design. Conversely, the 
estimated peak discharge could also be very low, resulting in weak structures that could 
not withstand the expected floods. This results in water loss through seepage and frequent 
breaching of the structures. For instance, in Bultubyay uncontrolled runoff irrigation system, 
the diversion gabion structure was unable to withstand the big flood that occurred in the 
year 2002. Subsequently, the water seeped below the structure and partially destroyed 
the gabion and more than 75% of the runoff water was lost out of the system.  
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Moreover, the diversion structures are built without the knowledge of rainfall volume of 
the catchments, stream flow discharge, sediment load, irrigation efficiency, soil 
properties and crop water requirements of the schemes. For instance, in the preparation 
of design, no consideration is given to sediment concentration of the river flow probably 
because no measured data exists. The diversion structures are not supplied with any sort 
 of sediment ejectors or gravel/sediment traps. Accumulation of sediments at the 
upstream of the headwork and main canal intake could substantially reduce the amount 
of water being diverted to the fields. For example, in the Areda controlled runoff 
irrigation system, about 2 m sediment depth was deposited in two rainy seasons, which 
blocked the gate openings of the main canal. The cost of excavation of the sediments was 
beyond the capacity of the local farmers and even for the MoA of zoba Gash-Barka.  
 
Secondly, no measured data exists on the total water requirement of the irrigation 
command areas, for example, in Bultubyay and Areda schemes. This implies that the 
quantity of water that should be conveyed by the canals to irrigate the fields is not well 
known. Furthermore, the width, depth and length of the canals and the gates of division 
boxes were not properly designed. Such poor design could lead to either excessive or 
insufficient water application to the fields and loss of water from the canals and fields. 
 
Thirdly, the irrigated fields are not well levelled and graded to a uniform slope. In runoff 
irrigation system, levelling and grading of fields are very important to maintain uniformity 
of water distribution within the perimeters of the fields (FAO, 1985). Otherwise, lower 
spot of the fields could get excessive water and the higher spots could receive low 
amount of water. Furthermore, the water collection systems in the fields are poorly 
designed. There are no interior bunds within the fields that could slow down the speed of 
runoff water to infiltrate deep into the soil and to settle the sediments that contain soil 
and plant nutrients. In spate irrigation systems, interior and exterior bunds are 
constructed in the irrigated fields to retain runoff water, soil and nutrients. Without such 
field bunds, runoff irrigation, as currently applied in Bultubyay, Areda, Falko and other 
areas, could create surface runoff, and erosion in the irrigated fields.  
 
Operation and maintenance 
The farmers in the study area lack the technical know-how and skills of constructing and 
maintaining irrigation, and soil and water conservation structures. Furthermore, these 
farmers were not involved during the preparation of design, construction and 
implementation of the runoff irrigation structures. This has probably misled the farmers 
to assume that the operation and maintenance of the irrigation system is the 
responsibility of the MoA. Hence, most of the farmers are often reluctant to participate in 
the maintenance of the irrigation structures.  
 
Absence of farme ’ o ganisation  rs r s
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The farmers in the runoff irrigation schemes in the western lowlands are not organised in 
the form of committees such as irrigation committees. For example, there are no water 
users’ associations established in the irrigation schemes of Bultubyay, Areda, Falko and 
Mogoraib schemes. Therefore, these farmers could not mobilise their resources whenever 
operation and maintenance works are needed. Indeed, such types of activities require 
collective work as it is practised in spate irrigation system in the Eastern Lowlands of Eritrea. 
Irrigation Development in Eritrea 
Concluding remarks  
By and large, the Western Lowlands of Eritrea have potential for the development and 
expansion of runoff irrigation systems. However, the runoff irrigation systems are 
functioning under several constraints, which include; poor design of irrigation structures, 
lack of technical know-how, and absence of farmer's organisation. The following 
intervention measures are therefore suggested to improve the existing runoff irrigation 
systems to make them more productive and also to develop new runoff irrigation sites in 
the Western Lowlands of Eritrea.  
− Feasibility studies and primary data collection mainly on runoff discharges, sediment 
concentrations (using velocity-area method) and soil characteristics through 
systematic soil survey must be carried out. 
− Construction of field bunds (at least 50 cm in height) and proper levelling and 
grading of the irrigated fields is necessary. 
− Capacity building of farmers and extension agents could be promoted through 
training and field visits to runoff irrigation systems in the Eastern Lowlands of Eritrea.  
− Establishment of water users’ associations and strengthening institutional and organisational 
structures of the schemes through training, provision of incentives etc. is very important.  
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Abstract 
This paper briefly discusses the development and management of spate irrigation with 
special emphasis on the uncontrolled (traditional) and controlled (improved) systems in 
the Eastern Lowlands of Eritrea. The study is based on the primary data collected from the 
large spate irrigation areas of Bada, Ghedeged, Afta Zula, Labka and Sheeb. This study 
focuses on two major areas. The first is on the traditional aspects of spate irrigation. This 
part demonstrates the socio-technical aspects such as diversion, type of traditional 
structure (Agim), local farmers institution, traditional water distribution and other spate 
related water management aspects, and the advantages and disadvantages of the system. 
The second part explains the comparison of improved spate diversion versus the 
traditional system. Basically, this is based on the case of Wadi Laba and Mai Ule diversion 
head works. It highlights the farmers’ perceptions to the improved system and the socio-
technical challenges in development of this system. The paper concludes by proposing 
recommendations to future development of spate irrigation systems in the study areas. 
 
Key words: Agim, improved system, spate irrigation, traditional management  
 
Introduction 
Spate irrigation, introduced by the Yemenis at the beginning of the nineteenth century, 
was first practiced in the Zula area of Northern Red Sea region. These areas get runoff 
floods from the highlands during the months of July to September, and in some places a 
small runoff during the months of October to March. Recently this type of irrigation has 
been introduced in other parts of the country to supplement the water requirement of 
various crops under rainfed agriculture.  
 
Spate irrigation, or Wadi agriculture, also known as Arroyo agriculture in America (Barrow, 
1987) is the term for floodwater farming. In the context of Eritrea, it can be defined as a 
pre-planting system that uses short duration floods from the highland catchments areas 
to irrigate low-lying land where rainfall is insufficient for crop cultivation (Haile, 2000). 
The term spate irrigation is applied to systems of earthen or stone bunds designed to 
spread water over the ground to moisten it and/or to trap wet silt that can then be 
planted with crops (Barrow, 1987).   
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In spate irrigation, floodwater is diverted into canals by constructing water diversion 
structures using brushwood, riverbed materials, stones or combination of them. Fields 
are bordered by earthen bunds, thus allowing inundated water to infiltrate into the soil 
(UNDP/FAO, 1987). Water is conveyed from higher to lower fields by intentional breaking 
of the earthen bunds or as in some areas water is conveyed with permanent distribution 
structure, to attain the desired level of irrigation water. Depending on the water holding 
capacity of the soil, one or two deep applications are enough for crop cultivation and the 
crop grows using the retained moisture of the soil profile. In spate systems, irrigation is 
Irrigation Development in Eritrea 
performed before planting to avoid water logging to the developing crops due to 
flooding. Due to deep spate soils, most farmers are flooding their fields only once or 
twice and are able to grow two or even three crops (ratoons) in sequence from the 
residual moisture of the soil. 
 
The aim of this study is to describe the main bottlenecks in traditional spate management 
that hinder the development of improved spate irrigation systems.  
 
Materials and methods 
The study was implemented in the Eastern Lowlands of Bada, Ghedeged, Afta Zula, Labka 
and Sheeb area where spate irrigation is practiced. Methods and techniques have been 
selected in such a way that reliable data can be collected. The study employed an 
exploratory approach, where both quantitative and qualitative methods of social inquiry 
were done. It focused particularly on the perception of smallholder farmers regarding 
spate irrigation practices in their respective areas. Various data collection methods such 
as interviews with the farmers, group discussion with key informants (formal and 
informal) and direct observation in the sites were done in conducting the study. Beside 
the primary data, all available secondary data sources that are appropriate to the study 
were reviewed and helped to derive relevant data from previous studies made by different 
institutions. 
 
Results and discussion  
Spate diversion systems can vary greatly in their hydrology and water management 
practices. However, in Eritrea, the system can be classified in two main parts, as 
traditional (uncontrolled) and improved (controlled) spate systems based on the method 
of management of the diversion systems. Currently, controlled diversion system is used 
in only 4530 ha (2880 in Laba, 850 in Mai Ule and 800 in Afta Zula) of land. 
 
Traditional spate diversion ystem s
In traditional spate irrigation, diversion structures (Agim) are temporarily made of local 
materials like soil, stone, riverbed sand and gravel, tree trunks and brushwood. They are 
normally constructed across a riverbed to divert river flow into farm area to irrigate fields. 
Agim is a local name for the diversion structure, which is also called Ogma in Yemen 
(UNDP/FAO, 1987) and Ghanda in Balochstan (Steenbergen, 1997) 
 
The riverbed topography changes after almost every medium to heavy floods because of 
degradation and deposition. Therefore, during heavy floods, these structures are partially 
damaged or washed away completely. During reconstruction of these structures their 
location and shape are readjusted to suit the existing riverbed condition. The efficiency of 
this diversion is estimated at 45% (Halcrow, 1997).  
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Although traditional flood diversion methods seem to be elementary and generally 
productive, they are labour intensive and environmentally unfriendly. Several indigenous 
techniques have been developed to divert seasonal spate floods and irrigate farm areas. 
The structures developed are not permanent and can be adjusted structurally as required. 
If the flood is very high and beyond the capacity of the main diversion (Agim), normally 
 the structure immediately breaches. This saves the farmers from the destruction of main 
canals locally called Mushga or Bajur and field embankments, locally called Kifafs. 
 
The farmers have a method of traditional diversion structures, which, can be classified 
into three types as: deflector, weir and free intake. The three methods of diversion 
structures, more or less, have the same operational features. They do not have silt 
excluder, so the sediment carried by the floodwater is allowed to enter into canals and 
fields uncontrolled. The diversion structures do not have flow controlling mechanisms. 
Once they are constructed, the amount of floodwater entering from the river to the main 
canal cannot be regulated or stopped when there is a need to do so.  
 
The three types of diversion structures perform very well when there is low stage flow. 
During a low stage flow, the flow is manageable and the damage to the diversion 
structure is minimal. Thus for small to medium size spates the diversion structures are 
mostly effective. While for medium to large spates, very often, the diversion structures 
are washed away with strong spate flood and a lot of effort is needed to repair or 
reconstruct them. As there is no provision for a spillway, during a large spate, the 
diversion structure is either breached immediately or it is overtopped as the flood rises 
and breached. Many times a major section of such structure is washed away, just before 
the whole command area could have been irrigated. Repair works have to be carried out 
as soon as possible and before the next spate flow arrives; otherwise an additional 
irrigation will be missed. How soon this can be effectively achieved will depend on 
subsequent river flows and the availability of labour and animal power. Usually this 
laborious task is done communally. 
 
Missing a spate flow can have a negative effect on yield and sometimes leads to total 
failure of crops. The construction costs of the traditional spate irrigation systems are 
relatively low. Human as well as animal labour and local materials like wood and Wadi bed 
material is all what is needed. Once these structures are washed away, the reconstruction 
or maintenance costs in most cases are the same as the initial construction costs.  
 
Water distribution system  
In the traditional spate irrigation systems, floodwater distribution is accomplished by 
means of canal systems. A canal is often subdivided into branch canals on its way 
downstream. Larger canals are subdivided into smaller canals until water reaches the 
different fields. Depending on the size of the farm, there can be primary, secondary, 
tertiary, etc. field canals. These canals have different local names and the water 
distribution is governed by rules.  
 
At field level, two types of water distribution systems exist: field-to-field and individual 
field. Field–to-field distribution system is common in most of the large spate irrigated 
farms in the country. In such system, about 10-15 fields are grouped into a block and 
receive their share of water from one canal. Inside the block, there are no division 
structures or canals. Each field is provided with an inlet and an outlet. In individual field 
distribution system, each field receives its share of water independently, directly from a 
canal. This system is practiced in few places like Bada and Afta Zula areas. 
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Irrigation Development in Eritrea 
Informal farmer organisations 
The farmers in the traditional spate-irrigated farms are well organised into sub-groups of 
15-45 farmers traditionally called Tashkils, and groups of 6-31 Tashkils make up a Parta. 
Different committees also exist for various functions. The farmers elect their group and 
sub-group leaders, agricultural and irrigation committee and sub-committee members 
directly, without any intervention of others. In general, leaders are elected for an 
unlimited period of time. These organisations enable the farmers to maintain, manage 
and operate a very complicated system of spate irrigation on which they depend for their 
livelihood. It would have not been possible to run a spate-irrigated farm of large 
magnitude without efficient farmers’ organisations as well as full participation and 
commitment of the farmers. 
 
Con traints in developing traditional spate system s
r
The following are some of the constraints identified that hinder the development of 
traditional spate irrigation systems. 
− The types of Agim adopted in the system fail after every medium to high flood. The 
breaching of Agim has a consequence of spending much time and effort to restore 
the Agim again. Moreover the repetitive construction of brushwood Agim in the area 
causes a negative environmental impact.  
− The conveyance and the distribution system is not well developed and operates on 
first-come-first-serve basis. The fields at the top of a block always receive relatively 
high amount of water, while those at the tail end receive smaller amounts or 
sometimes even not at all.  
− The system is quite ineffective with regard to sediment transport. Nearly all the 
sediment carried by the floodwater is not conveyed to all fields equally. Most of the 
sediments are deposited in the first top field in a block and deposition decreases as it 
goes down the fields. This results in highly varying field elevations in a given block 
and in high erosion during irrigation. 
− In the present system, the actual benefits are not proportional to the labour 
contribution by the farmers during the construction of Agim. Each individual farmer is 
obliged to contribute labour in proportion to his land size irrespective of the area 
actually irrigated. As the floods cannot be predicted, it is not known which field can 
be irrigated from which Agim. Another complication of the system is, every Agim 
constructed covers a different area. 
Imp oved spate diversion system 
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The development options for improved spate system, in general, are dams and spate 
breakers, ground water development and spate diversion structures. All these options 
were reviewed and the last was found more appropriate for these areas. Wadi Laba and 
Mai Ule diversion structures were recently constructed in Eastern Lowlands of Sheeb, to 
properly acquire and distribute water more efficiently than the traditional system. Prior to 
this project intervention, there was no establishment of similar type or size of modern 
structures in Eritrea. The main objective of this improved structure is to increase the 
magnitude and duration of flow into the existing traditional canal. The annual average 
 expected irrigable land is 3730 ha. The following Table illustrates the principal features 
of the diversion system after the project intervention. 
 
Table 6  Main features of the spate diversion s stem before and after interven ion  y t
 Average 
irrigable area 
(ha) 
 Diversion 
efficiency  
(%) 
 
Wadis Before 
intervention 
After 
intervention 
Before 
intervention 
After 
intervention 
Laba 1192 2648 45 80 
Mai Ule 281 676 45 80 
Source: Halcrow (1997) 
 
The improved system has main head regulator, scour sluice, sediment stilling basin, weir, 
twin culvert and a breaching bund. The design analysis was based on insufficient 
hydrological data however; even with reliable data the knowledge to solve the technical 
problem of dealing with destructive floods and high sediment loads is still limited. The 
structure is assumed to divert all small floods, 80% of medium floods and no wild floods. 
This is because the economic return realized through spate system is so low that it does 
not encourage the employment of expensive design (UNDP/FAO, 1987). To minimize the 
cost of this improved system a breachable bund or fuse plug is included. Apart from that, 
time to peak flood is characteristically rapid i.e. less than 40 minutes (Halcrow, 1997). 
The risk to control these floods is very high and the benefit is low. At present, the total 
cost of diversion for Laba is Nakfa 18,330/ha and for Mai Ule Nakfa 33,680/ha. These 
different costs of both Wadis show that, despite the low return of spate irrigation, the 
development strategies for improved system should be considered for large farms only. 
 
Farmer’s perception of improved system 
Based on the interviews and meetings conducted, the farmers of both Wadis (Mai Ule and 
Laba) are still reluctant on the implementation of the diversion structures. The farming 
communities wanted to have the following improvements on the structures: raising of the 
head works because too much water is going over them during floods, breaching bunds 
to be made up of solid materials to prevent them from being washed away during large 
floods, breast wall to be removed from the head works and gates be wider in size and the 
scour sluice and rejection weir to be closed. 
 
The farmers prefer to have a permanent infrastructure on the improved system because 
they would not have to spend time on maintenance and this helps them to capture all the 
water from the floods. The above list of issues demonstrates a serious lack of 
understanding of the aim of the improved head works. In reality, the infrastructure 
reduces the amount of time and effort the farmer spends on maintenance of the 
traditional diversion works. This provides them with more time to work at field level and 
capture water from more floods- a practice which is more reliable than ever before. The 
above issues raised by farmers show that, hydraulic structure in the Wadis is just one 
aspect of development and it would have been more fruitful if this could be integrated 
with the socio-economic settings of the end users. 
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Operation and maintenance of the improved system 
The farming community accomplishes all construction and maintenance activities in the 
traditional spate diversion system. The operation and maintenance of improved spate 
systems requires a completely new approach due to the very specific characteristics of the 
system. Spates will often arrive at night and the sediment removal facilities at the 
diversion structures are essential to avoid entry of large quantities of course sediments 
into canals and fields. This is mostly based on the gate operator curiosity to follow up the 
operational procedure of the gates. The annual estimated operation and maintenance 
cost for Laba is Nakfa 40 while that for Mai Ule is Nakfa 1,007 /ha. The system is 
designed to remove 80% of the sediment and the remaining 20% is assumed to be 
distributed. The annual maintenance cost such as repair of concrete, masonry, 
preparation of equipment for operation and maintenance need to be budgeted annually. 
All the external skills such as mechanics, machines operators and other skilled labour 
needs make the farming community more dependable. Nowadays the project’s main 
problem particularly on the improved system is to sustain the operation and maintenance 
by assisting the farmers to secure the required manpower and machinery. Thus, to run 
this improved system sustainably, fundamental changes in farmers’ attitude and 
approach of irrigation are highly required. 
 
Constraints in developing improved spate system 
The main constraints for developing the improved spate system were identified to be:  
− Spate irrigation improvement work does not encourage investments due to high 
capital costs and low return, 
− The uncertainty in estimating extreme flood return period greatly increases the cost 
of the system, 
− Lack of sufficient data on spate hydrology to allow detailed analyses, 
− A limited knowledge of appropriate concept for developing improved spate system 
and the technical problems dealing with destructive floods and high sediment, 
− The lack of ownership and adequate provision for operation and maintenance after 
completion of improved system, and  
− Adoption of new technologies and concepts by the farming community needs more 
time, personnel and budget than expected. 
Conclusion and recommendations  
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Before the construction of Wadi Laba and Mai Ule diversion schemes, the communities 
were practicing only the traditional diversion system of stone and brushwood Agims. This 
system was very risky, had low return and was hazardous to environment. There was no 
improved spate irrigation system in Eritrea. The construction of improved schemes will 
definitely ensure reliable water diversion and increased crop yields, which can help to 
attain food security. However, shift from the traditional to improved system of spate 
irrigation requires a fundamental change in attitude of both the government and the 
farmers. The improved system is chosen because it avoids the risk of floods and 
uncertainty, increases incomes of farmers and restores the environment. However, farmer 
capacity is still low to manage the improved system because of lack of know-how and 
 economic constraints. Thus, a constant backup from the government is required 
especially with regard to the operation and management of the project in general and the 
structure in particular. 
 
The following recommendations are proposed for the traditional and improved spate 
irrigation systems of the study area. 
− Traditional spate irrigation systems are poorly studied and documented. A better 
documentation of the special environments and networks that currently allow parts of 
spate irrigation systems to keep working is a pre-condition for any improvement. A 
more detailed study on spate problems such as diversion, distribution, and field-to-
field conveyance system has to be made. Soil and land potential, catchment 
hydrology and the water rights of the area together with other social and 
environmental aspects should also be studied further.  
− To ensure a more fair water distribution and to avoid the continuous construction of 
Agim, floods have to be better controlled. Changing the construction of existing 
Agim and the conveyance structures is needed to control the flood in a manageable 
manner. Thus, government intervention is highly required, because improvement 
measures in spate irrigation demand high skill and investment, as it is beyond the 
capacity of the local communities. 
− Investment in improved diversion structure works should be linked to the probability 
of spate and the incremental benefits of irrigation. At the same time the operation of 
these structures should remain simple and manageable by farmers. A structure must 
also be durable enough to avoid unnecessary and repetitive maintenance and 
rehabilitation work. 
− To build confidence in design, to avoid cost escalation of projects and high risk of 
failure of structures, any Wadi development needs to establish a long-term data 
collection programme within the framework of the government. 
− To build farmers awareness and responsibility in improvement works, serious effort 
should be made parallel to the infrastructure development. 
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Abstract 
Eritrea is a semi-arid country. Rainfall is not scarce in total amount; but its erratic nature 
is increasingly resulting in frequent failures of rainfed agriculture. If food security, which 
is a cause of serious concern to Eritrea, is to be achieved, irrigated agriculture must 
supplement rainfed crop production. In Eritrea, attaining household food security is the 
basis for realizing national food security. Introducing affordable small-scale irrigation 
technologies that are compatible with the small (< 0.5 ha) plots of the rural poor farmers 
is one way of achieving household food security. International Development Enterprise 
(IDE) micro-irrigation kits were introduced to Eritrea in 2000, and pre-feasibility and 
feasibility studies were conducted. This paper mainly focuses on the lessons and 
experiences learned during the whole study period. It gives an in-depth assessment of 
what were the reasons for the discrepancy observed between the initial willingness of the 
farmers to test the kits, and the low rate of usage and adoption that was witnessed later. 
It provides a detailed analysis of how the theoretically advocated higher water; labour and 
time saving advantages of the kits (as compared to surface irrigation systems) were 
reflected in practice. It presents the steps and the approaches followed during the 
dissemination of the technology and discusses their shortcomings. The paper also offers 
some insight on the gender suitability of the kits. It concludes with recommendations on 
how to overcome some of the major bottlenecks for technology adoption in Eritrea. 
 
Keywords: Adoption rate, Eritrea, food security, irrigation kits   
 
Introduction 
Eritrea is a small country in the Horn of Africa with a population of about 4.3 million and 
a total land surface area of 121,320 km2. Agriculture is the main stay of the economy 
engaging about 80% of the population and contributing to 16% of the GDP (CIA, 2001).  
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Eritrea has a total potential arable land of about 1.5 million ha. 50% of this lies in the 
semi-arid and semi-desert agro-ecological zones, where rainfed agriculture is 
impossible, as the mean annual rainfall is less than 200 mm. The currently irrigated area 
in the country is nearly 28,000 ha (FAO, 1997). The estimate of the potential irrigable 
area varies from 270,960 ha by Water and Power Consultancy Service (WAPCOS) to 
576,000 ha by the MoA (FAO, 1994). The smaller estimate does not cover the Eastern 
lowlands where runoff irrigation is practiced and some minor potential areas in the 
highlands, and hence cannot be considered exhaustive and should be treated with 
caution. The largest estimate covers all land areas topographically suitable for irrigation, 
regardless of the water availability and its technical extraction feasibility. It is therefore 
also not a dependable value. 
Irrigation Development in Eritrea 
The rate of annual population growth in Eritrea is estimated at 3% (CIA, 2001), which is 
one of the highest in the world. At this rate, the population is expected to rise from 4.3 to 
5.4 million in 2010. On the basis of 0.145 ton of food requirement per person per year 
(World Bank, 1994), the annual food requirement by 2010 would be 783,000 ton. If this is 
to be produced only from rainfed agriculture, based on an estimated average grain yield 
at 0.74 ton/ha (World Bank, 1994,), nearly 1.1 million ha of land is required. There are 
however only 750,000 ha suitable for rainfed agriculture. It also has to be noted that even 
in this “so-called” suitable land, rainfed agriculture has been and is still frequently failing, 
mainly due to the erratic nature of the rainfall. Channelling investment to the introduction 
of new irrigation technologies and/or modernising the existing ones is therefore 
necessary if food security is be achieved in Eritrea. 
 
In Eritrea, the first step towards attaining national food security must be ensuring that the 
rural poor households are food secure. Most of these households own small farm plots 
(less than 1 ha), which are usually irregular in shape. Some household members, mainly 
women, also engage in a backyard gardening to produce some of the basic food items. 
Introducing small-scale irrigation technologies that are affordable and compatible to the 
local, physical and social settings could be one of the means of realizing household food 
security in Eritrea. Currently, there are a number of small-scale micro-irrigation 
technologies in use, and IDE, Chapin and Netafim kits are among the common. These 
kits, like the conventional large-scale systems, enable a slow (0.5 to 2.0 l/h) and regular 
application of water to the vicinity of plants, wetting only the part of the soil in which the 
roots grow. With these irrigation systems, water can be supplied frequently, sometimes 
everyday if required, which is very suitable for plant growth (Mehari et al., 2003).  
 
Micro-irrigation kits are designed to cover small irrigation plots and are produced at a 
low cost. Their production is aimed at addressing the problems of the poor farmers who 
cannot afford the initial investments required by the conventional drip and sprinkler 
irrigation systems. Some irrigation engineers call these kits, the “HELPFUL” (H=high frequency, 
E= efficient, L=low volume, P=partial area, FU= Farm Unit, L=low cost) (Hillel, 1997). 
 
In the year 2000, the College of Agriculture (CA), University of Asmara, and the Centre for 
Development and Environment (CDE), University of Berne initiated a joint project that 
aimed at introducing and assessing the technical and socio-economic feasibilities of IDE 
bucket, vegetable, horticulture and sprinkler kits (Stillhardt et al., 2003). All the kits have 
main and lateral lines, micro-tubes, filter, fittings and pegs. The remaining features are 
presented in Table 7.  
 
This paper is based on the results of the project and aims at analysing a) the motives 
behind the initial willingness to test the kits and the later low rate of usage and adoption 
by the farmers; b) the reasons why the superiority of the kits (as compared to surface 
irrigation systems) in water, labour and time saving were not influential enough to 
convince the majority of farmers to use the kits; and c) the realities that made the few 
women involved in the study to be interested and use the kits successfully. Furthermore, 
the paper presents the shortcomings of the approaches followed during the 
dissemination of the kits and concludes with recommendations on how to overcome 
some of the major bottlenecks for a new irrigation technology adoption in Eritrea. 
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 Table 7  Main features of the introduced micro-ir igation kits r
                              Types of kits 
Features  Bucket  Vegetable  Horticulture  Micro-sprinkler 
Irrigable area (m2 ) 20 100 130 160 
No. of micro-tubes 36 150 50 15 
Required height of 
water source (m) 
1 1 1 10 
Micro-tube 
discharge (l/hr) 
2-3 2-3 2-3 40-50 
Required size of 
water container (l) 
20 200 200 500 
Min and max no. 
of plants/ kit 
36-144 150-600 50 Used for closely 
spaced crops 
Type of plants Vegetable crops Vegetable crops Perennial fruit 
crops 
Vegetables, pulses, 
flowers, cereals etc.
 
Materials and methods 
The project had two study phases: pre-feasibility and feasibility studies. During the pre-
feasibility phase, 25 kits, mainly bucket kits were distributed in Mendefera, Shiketi, 
Maihabar, Sheeb, Dekemhare, Hagaz and Hamelmalo Agro-technical Schools and Halhale 
Research Station (Stillhardt et al., 2001). The distribution during this phase was mainly 
based on individual approach to farmers and their willingness to participate in the study.  
 
During the feasibility phase, 240 kits were planned for distribution:  100 bucket, 100 
vegetable, 20 horticulture and 20 sprinkler kits. The total number of kits distributed and 
areas of distribution are presented in Table 8. The kits were distributed under the 
following conditions:  
− In order for the farmers to feel a sense of ownership, a value was put to the kits and 
they were sold at half price: with a bucket kit costing 60 Nakfa, vegetable and 
horticulture kits 200 Nakfa each, and sprinkler kit 250 Nakfa (1 USD = 14 Nakfa). If 
after trying, they decide that the kits are not useful, they can return the kits back, but 
with no missing parts and in good condition, and they can collect their money back.  
− In cases where the farmers could not afford, but were ready to try the kits, they were 
given free at the start and were asked to pay if satisfied with the performance at the 
end of the growing season. If they are not satisfied, they should return the kits back 
in good condition. 
− The kits were provided free of charge for Halhale Research Centre, the two agro-
technical schools and some farmers, with a precondition that they will give a written 
feedback. 
ESAPP / AEAS / SLM-Eritrea / SFSA / CDE     41
At the time of distribution, users were given detailed on site demonstrations about the 
installation, operation and maintenance of the kits (Images 1and 2). Manuals translated in 
two local languages (Tigrigna and Arabic) were given as appropriate. Field visits were 
organised to the different locations to monitor and evaluate the progress of the 
installation and usage of the kits. At the end of the project period, a structured 
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questionnaire was prepared and filled by the researchers in the test sites. Open-ended 
questions were also prepared and on site discussions were held with farmers on the 
practical applicability and limitations of the kits. The questionnaires were filled only in 
cases where the farmers have used the kits. In cases where that didn’t materialise, the 
possible reasons for not using them were collected and analysed. 
 
Table 8  Distribution of IDE kits in the various administrative regions 
 
Results and discussion 
The results provided in this section are mainly those of the feasibility study. Out of the 
240 kits, 204 (85%) were distributed. Out of these, 74 kits (36%) were used by the 
farmers. The kit that was used by many was the bucket kit and 12 % of them were used by 
women (Table 9). When compared to other countries, the rate of adoption and irrigation 
development in Eritrea is not a disappointing figure. Gleick (2000) assessed the rate of 
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Administrativeregions/ 
zobas 
Location/Institute Types of kits 
  Bucket Vegetable Horticulture Sprinkler 
Anseba Keren 1 1 0 2 
 Hamelmalo school 6 2 9 3 
 Hagaz school 17 6 5 - 
 Afdeyu  10 10 - - 
 Hagaz  4   7 
Gash-Barka Agordat  - - - 1 
 Barentu - 2 1 - 
Debub Adi Keih 16 16 - - 
 Adi Wegera - 2 - - 
 Mendefera 4 2 - - 
 Adi Zarna 1 1  - 
 Adi Mongonti 3 - - - 
 Maado - 1 - - 
 Dbarwa 2 6  - 
 Dekemhare 4 2  - 
 Halhale Res. 
Center  
6 1  - 
 Adi Quala 3 3 - - 
 Adi Jemel 1 - - - 
N. Red Sea Maihabar 5 3 2  
 Gindae  3 3 - - 
Maekel Commercial farms - 3 - - 
 Individuals 14 3 1 4 
 College of 
Agriculture 
- 2 - - 
 TOTAL 100 69 18 17 
 irrigation development in 40 African countries for 12 years (1985- 1997) and found that 
13 countries showed no growth at all. These include Botswana, Mauritania and Senegal, 
countries identified as being highly dependent on irrigation. The highest rates and 
percentages achieved in the majority of the countries most actively engaged in irrigation 
are less than 500 ha/year and 50% respectively. 
Image 1    Very keen farmers participating during the demonstra ion o  a bucket kit t f
r r r
 
Image 2 Farmers cu ious on the wetting patterns of the micro-d ippers and students taking care of thei  
vegetable kit 
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Table 9 Kits distributed and their percentage usage  
 Bucketkit Vegetablekit Horticulturekit Sprinklerkit 
Intended for distribution 100 100 20 20 
Actually distributed 100 69 18 17 
Used 52 16 3 3 
Percent usage 52 23 17 18 
 
The data gathered from the farmers and the institutions differ remarkably, and for 
convenience they are presented separately. 
 
Data from farmers  
The sprinkler kit was not used by many of the farmers, as it required pressurized water 
source, which was not available in almost all the rural areas. Only one commercial farmer 
in Agordat used the kit for successful seedling production for transplanting to large-scale 
drip irrigation. Despite his success however, he said that the size of the kit is a limiting factor 
for adoption. He prefers if the kit could have covered at least a quarter of a hectare. 
 
Only one farmer in Barentu installed the horticultural kit. He used it for papaya 
production and was able to use it until the fruit setting stage of the plants. However, his 
field was destroyed by heavy rain and part of the kit was lost. The horticultural kit being 
mainly beneficial for perennial tree production does not generate short-term benefits to 
the farmer. In addition, the land tenure system in the highlands does not encourage 
long-term investment as land may be redistributed after 5 to 7 years. Furthermore, it was 
difficult to customize the kits to the existing spacing of the citrus trees, which ranged 
from 5 by 5 to 6 by 6 m. These did not encourage the farmers to install and use the 
horticultural kit.  
 
During demonstration, there was high willingness of the farmers to use the kits. Despite 
this however, the rate of adoption was only moderate to low, with only 52% of the bucket 
kits and 23% of the vegetable kits used. In many cases farmer’s initial acceptability and 
purchase of the kits was not a true reflection of the farmers’ ability, willingness and 
readiness to use them. During the follow up trips, most of the purchased kits were not 
installed since many of the farmers required further follow up and assistance from the 
extension agents in the area of distribution. It has to be noted that ‘small-scale’ does not 
necessarily mean ‘simple’. The different components of the system such as coupling, 
fitting and control valves could make the simple IDE kits appear complex for smallholder 
farmers who are using them for the first time (Mehari et al., 2003). In some areas, where 
the demonstrations were done in the presence of some government officials, some 
farmers revealed that they purchased the kits simply to please the officials, and not 
because they knew they were beneficial to them.   
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It is notably true however, that the used bucket and vegetable kits showed substantial 
successes. The farmers were able to grow pepper, okra, tomato, lettuce, flowers, maize 
and potato using the kits. All those who successfully used the kits appreciated the 
advantages of the micro-drip irrigation (as compared to their traditional systems) in 
saving water, labour and time.  
 The water saving advantage of the kits, although recognised, was not however an 
incentive by itself for many farmers to use the kits, particularly those who had a shared 
water source. In many areas where farmers own small plots, one farmer owns the well but 
the farmers around may share the water. The owner of the well makes a water delivery 
schedule, usually once per week, during which time he opens the tap and leaves it to flow for 
a whole day. He doesn’t measure how much water each irrigator has used and does not 
charge money per unit quantity of water utilized. It is only at the end of the growing period 
that each farmer pays either one third of the produce or an equivalent amount of money.  
 
Under acute water scarcity and where water has to be fetched from distant areas, the 
issues that the kits save water, labour and time, although acknowledged, were not 
immediately given much weight and did not encourage many farmers to use the kits. 
Where water was in short supply, obviously priority was given to drinking water. In many 
highland areas, water needs to be brought by women usually on their backs sometimes 
from distant places (3 to 4 hrs walking). The women needed much thinking to weigh the 
extra labour and time required to water the plants using the kits. They explained that 
they would only use the kits once they are convinced that the benefits they get are 
remarkably high compared to the investment. They can only know this however, if they 
see that some women under the same circumstances have successfully used the kits. This 
would need women who can take the lead and the risks involved.  
 
As stated earlier, most farmers acknowledged that micro-irrigation kits save labour and 
time, but there were some who argued that the kits induce additional labour and time, 
and they considered this as the main reason for non-adoption. These farmers contest 
that the kits consist of delicate items such as the micro-tubes and pegs and hence 
require fencing, continuous watering and closer supervision to function effectively. Their 
traditional basin irrigation systems instead, need watering only in four or five days giving 
them a chance to be engaged in other activities. Although majority of the farmers shared 
this opinion, few of them were willing to test the kits and practically see how much time 
and labour they will need. But they explained that they only would do so, if the kits were 
given free.  
 
Compared to traditional surface irrigation systems, the advantage recognised by the 
farmers who used the kits, was the rare incidence of insects, weeds and diseases. This 
was expected, because if properly installed, the kits wet neither the leaves nor the stems 
of the plant, and they only wet the area near the root-zone, prohibiting insect, and weed 
or pest outburst.  
 
All the interviewed farmers considered the price of the micro-irrigation kits affordable. 
But almost all also commented that the size of the kits is too small and they prefer to buy 
kits that could cover at least a quarter of a hectare. 
 
Data from institutions 
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The results from schools and institutions provided more scientific insight on the 
potentials and constraints of the introduced kits. Comparative study of the kits versus 
furrow irrigation system was studied in both the Halhale Research Center and the two 
agro-technical schools. In Halhale, a potato trial was conducted for one growing season. 
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The results showed that a bucket kit utilized 6000 litres of water during the three months 
growing period whereas furrow irrigation consumed 15,660 litres. It was possible to 
accurately measure the amount of water supplied to the furrow irrigation systems as the 
plots were irrigated using a plastic hose. With these consumptions, the bucket kit 
produced a yield almost twice that of the furrow irrigation. However the average tuber 
weight was 19.5 g using the bucket kit compared to 24.1 g using furrow irrigation.  
 
In Hagaz, the efficiency of the furrow irrigation was compared to that of the drip kits 
(Table 10). The drip kit was found to be twice as efficient as the furrow. The observations 
from the Hagaz trial indicated that the infiltration depth of water was 80 cm with the drip 
kits and 150 cm with the furrow system. This makes vegetable production under the kits 
more water efficient as the effective root depth of most vegetables is in the range of 60 
to 80 cm (FAO, 1998). 
 
Table 10 Comparison of wate  use between drip and fu ow irrigated tomato plants r rr
Application period Applied water 
(‘000 litres) 
Percolated 
water(‘000 litres) 
Water used by 
crops(‘000 litres) 
Efficiency (%) 
 Drip Furrow Drip Furrow Drip Furrow Drip Furrow 
1st - 38th day 1.4  26 0.6 18 0.8 8 60 30 
39th – 75th day 2.7 50 1.2 42 1.5 8 55 16 
 
Conclusions and recommendations 
Technologies and methodologies designed and introduced entirely from outside cannot 
be blindly accepted and adopted. They need to be tested under local circumstances to see 
the suitability to the priorities of the intended beneficiaries. This can only be done with 
the assistance of progressive farmers who have an open mind to new technologies with 
eagerness and willingness to change. When introducing new technologies, such as the 
micro-irrigation kits, it is very important to first identify such farmers and channel all 
technical and other supportive advices and assistance towards them. It is also imperative 
that these farmers live in an area where there are capable and motivated local extension 
agents who can provide them with useful day-to-day support.  
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At the early stages of the introduction of new technologies, the IDE kits in this case, 
expectations on the fact that the advantages of the kits in remarkably reducing water, 
labour and time wastage need to be realistic. The outcome is determined more by the 
capacity of small-scale farmers to adopt new technologies. It has to be realized that most 
Eritrean smallholders, as those in the rest of the developing world, use the strategy of 
minimizing risk for survival. If they perceive adopting a certain technology is even slightly 
risky, they will give priority to their long used production systems, as these will give them 
some basic security from starvation and guarantee them some degree of survival. As 
stated earlier, for example, some farmers shed doubt on the ability of the kits to save 
labour and time; some women clearly explained that they need some time to weigh the 
benefits against the additional labour and time they will need to invest. All these are 
indications that the farmers are not prepared to take the minimum risks involved. Under 
such circumstances, government and non-government development institutions have to 
provide positive incentives and/or subsidies and share the risks involved, knowing that 
there is no risk involved in so doing. These could help promote adoption of the kits.  
 It has to be underlined however that the study has proved that when and where the kits 
were properly used, the outcome was rewarding in terms of subsistence/household 
production. Given the necessary training and follow up, the kits could be a means of 
generating additional income, particularly for women.  
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Abstract 
It is widely recognized that many countries are entering an era of severe water shortages. 
Recently developed, low cost micro-irrigation technologies can offer significant livelihood 
benefits for millions of poor farmers throughout the world, where there is scarcity of 
water. Micro-irrigation systems have been introduced to Eritrea and showed positive 
results, with some limitations. There are various agronomic benefits of micro-irrigation, 
however, to ensure a successful use of the technology by farmers, it is important to 
combine guidance on agronomic practices with the technical guidance. Appropriate 
agronomic training, which fits with the kits, is critically needed. Crops suitable for specific 
micro-irrigation kit should be selected. Spacing, staking and pruning have a significant 
role in the performance of the crop. Number of plants per dripper needs to be specified 
for specific crop. The amount of soluble chemical fertilizers to be applied should be given 
to the farmers, as most of them are not familiar with fertigation. In most cases, evapo-
transpiration demand of the crop determines the amount of water to be applied but not 
always. Vegetables that are set for transplanting require irrigation for crop establishment 
in excess of crop evapo-transpiration demand. Crops such as broccoli, cauliflower and 
lettuce grow rapidly, by absorbing large amounts of water and nutrients until the date of 
harvest. On the other hand, tree crops like mango require little water for their survival 
during non-flowering and non-fruiting growth period. Off-season production of 
vegetables and fruits could also show a shift from the normal season. The number of 
refills for example for drum and bucket kits should be in accordance with the 
aforementioned idea. Since micro-irrigation systems are relatively new it is possible to 
define and recommend agronomic practices to accompany these technologies by 
modifying and parameterizing the requirements of crops. This paper addresses 
agronomic practices, which should be incorporated to the adoption processes of micro-
irrigation kits by establishing relationships with the existing technical know-how. 
 
Key words: Low cost, micro-irrigation 
 
Introduction 
Many countries are entering into an era of severe water shortage. Arid and semi-arid 
countries, like Eritrea, being on the frontline desperately seek for technologies, which 
could alleviate this problem. International Development Enterprise (IDE) has developed 
irrigation kits, which can be used by smallholder farmers in water scarce areas. The kits 
have been tested in various countries like India, South America, and some African 
countries including Eritrea and have strong potential for improving nutrition and food 
security at household level. 
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Low cost micro-irrigation systems have been introduced to Eritrea in the past few years. 
The technology is very attractive to smallholder farmers not only because of its low cost 
and economy of water and labour but also because of its simplicity in operation, 
 maintenance and management. Farmers have confidence in using the technologies 
provided that proper technical as well as agronomic guidance is given to them mainly 
during the introduction of the technology. 
 
Technical guidance on how to assemble, dissemble and maintain the kits has been a part 
of the adoption processes in Eritrea and elsewhere. Yet, there seems to be a gap on the 
agronomic practices, which the farmers should be aware of while using the kits. In order 
to ensure the farmers’ success with the low cost micro-irrigation technologies, IDE is 
evaluating the amount of agronomic training required by the farmers and combine the 
kits with other agricultural inputs like seeds, fertilizers, pesticides etc. as a complete 
starter package to the farmers.  
 
Benefits of micro–irrigation  
Micro-irrigation systems have been merited for their suitability to most crops, soils, 
slopes and quality of irrigation water as well as other benefits like, soil moisture 
retention, water saving, uniformity and labour. Despite their great benefits, the 
advantages of micro-irrigation kits in relation to crop growth and performance seem to 
be less addressed.  
 
Crops grown under micro-irrigation systems often show higher yields. Yield increase of 
33% in tomato, 88% in watermelon and 44% in chillies have been recorded in India (AMIT, 
2003). The quality of vegetables and fruits under this irrigation system was found to be 
better in most cases. Fruit quality of tomatoes is improved when N and K are applied by 
drip as compared to applying the whole fertilizer before planting (George and Allen, 
1997). Such increase in yield and quality is mainly due to efficient irrigation and 
fertigation. 
 
Less diseases and insect damages have been observed when micro-irrigation was used 
for vegetables and fruits due to less wet foliages, which otherwise could have created 
favourable conditions for diseases and insects. Crop growth can be better controlled 
when micro-irrigation is used under saline conditions by pushing salts away from the 
root zone. Other advantages of the system include lower weed infestation, efficient 
application of fertilizers and other chemicals like herbicides, and fungicides. Vegetables 
grown under micro-irrigation systems normally take shorter time to mature, as compared 
to the conventional irrigation systems, which could reduce the cost of production. 
 
Compact fruit crops can be produced by controlling the frequency and the amount of 
water applied through the micro-irrigation system enabling easy harvesting and pruning. 
Furthermore, offseason production of vegetables has been one of the success stories of 
micro-drip irrigation in many countries. In West India, about two third of the farmers 
were able to produce crops during the dry season. Farmers in Nepal have converted 
paddy fields to cash crops and capitalized on their agro-climatic comparative advantages 
to the extent of growing flowers, medicinal herbs and temperate fruits (AMIT, 2003). 
 
This paper will highlight some problems and possible solutions regarding the agronomic 
practices, which should go parallel with the technical guidance. 
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Agronomic problems in the adoption processes  
Most of the time appropriate technical assistance was given to farmers using the low cost 
micro-irrigation kits. However, agronomic training, which goes parallel with the technical 
know-how of the kits, is critically needed. Agronomic issues to be addressed include: 
selection of crops or varieties for specific types of kits, fertilizer use through the system, 
water requirement of the crop at different growth stages, spacing, pesticide and fungicide 
applications, off season production, crop production under saline conditions, disease and 
insect control, climatic conditions, soil type, weeding, and control of time of harvest, yield 
and quality. 
 
Selection of crops suitable for the kits is important. Crops suitable for micro-irrigation 
include: tomatoes, peppers, eggplants, ladyfingers, strawberries, cucurbits (water melon, 
pumpkin and cucumber), cole crops (cabbage, cauliflower, and broccoli) and fruit crops 
like papaya and mango. Micro-sprinklers are suitable for closely growing plants like 
onion, garlic and nursery plants. The number of plants to be planted per dripper or 
number of plants per m2 for sprinkler micro-irrigation systems is not defined at a crop 
level. However, the plant density has a great impact on the yield and quality of fruits and 
vegetables. Such recommendations also need to take soil type into account. 
 
Most smallholder farmers in Eritrea have until recent never used micro-drip irrigation 
systems and hardly know the possibility of applying fertilizers through the system. But 
fertigation could enhance yield and quality of products significantly. The amount and rate 
of fertilizers (N and K) to be applied per bucket or per drum should be well defined for 
specific crops. 
 
Water requirement of crops at different growth stages in relation to the amount and rate 
of water application must be taken into account. Furthermore, the recommendations 
should be made for agro-ecological zones. The simplest way of recommending the 
amount and rate of irrigation water to farmers is to determine the number and interval of 
refills of the buckets and drums. However, they should not be uniform throughout the 
growth period and the same to all crops, since water requirement at different growth 
periods vary for different crops. Crops can be grouped and climatic conditions defined to 
give recommendations close to the water requirements of the crop. 
 
Offseason production of vegetables could be of great interest to smallholder farmers due 
to higher prices of the products and the advantage of double harvest. Certain agronomic 
practices like time of planting, frost protection techniques and other cultural practices, 
should be given to the farmers so that they could be encouraged to grow vegetables 
during the dry period. Apart from this, farmers could also have early harvest by 
controlling the amount of water applied to the crop. This would enable them to exploit 
the market.  
 
Possible agronomic considerations 
Low cost micro-irrigation can improve the livelihood of farmers who are able to practice 
high value horticulture while living in water scarce areas. But technical assistance should 
always be coupled with agronomic, financial and social factors. 
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 List of crops suitable for micro-irrigation kits is needed for the country. Experiments to 
be conducted and the kind of crops to be used must be prioritised based on farmers’ 
preferences for various agro-ecological zones. In Zimbabwe, tomato, maize and cabbage 
were selected as the most suitable crops and IDE at the moment is identifying high value 
crops suitable for the kits (AMIT, 2003). Depending on the country and agro-ecological 
conditions, specific recommendations at cultivar level can produce better results. 
Preliminary results on pepper under micro-drip irrigation in Halahale Research Centre, 
Eritrea, have shown bigger pod size in chilli varieties Marcofana, Alaba and Slimlong 
compared to crops grown under furrow irrigation. In addition, papayas grown under 
horticulture kit in Barentu and Hamelmalo have shown excellent growth (Stillhardt et al., 
2001). Trials on ladyfinger (Bamia) using drip can be of interest in the lowlands of Eritrea. 
Alfalfa can also be grown using sprinklers for dairy production. Such trials might help to 
complete the list of crops for specific kits in specific agro-ecological zones. 
 
The kits have fixed spacing between plants and between rows. General recommendations 
were given on the number of plants to be sown or transplanted per dripper, ranging from 
one to three. The number of plants per dripper needs to be determined for specific crops 
(e.g. 3-4 plants/dripper for lettuce, 2 plants/dripper for crops like tomato, okra, and 
peppers and 1 plant/dripper for papaya). The number of plants per given area needs to 
be defined for micro-sprinkler irrigation (e.g. 42-60 plants/m2 for onion). Such 
recommendations could also take soil type into account, with the possibility of 
establishing more plants per dripper in heavy clay soils. 
 
Fertilizer application, methods, rates, and intervals need to be clearly defined. The 
method of fertilizer application needs to be demonstrated to the farmers in Eritrea since 
the idea of fertigation is new for most smallholder farmers. The amount and interval of 
application of specific fertilizers should be defined per crop and per bucket or drum. The 
blanket amount of NPK fertilizer rate in Eritrea is 100 kg of nitrogen, 50 kg of 
phosphorous (P2O5) and 150 kg of potassium per ha for most of the vegetables, though 
it seems relatively low. N and K fertilizers are soluble in water and hence can be injected 
through the system to the plants. Phosphorous fertilizers must be applied directly to the 
soil. By parameterizing the rates and intervals for the kits, simplified recommendations 
can be given in terms of amount and interval of application per bucket or drum. The 
above recommendation would roughly mean 16 g of N and 25 g of K per bucket (of 20 l 
of water) per application assuming that fertigation is done once a week for tomatoes. 
Similar approaches can be followed for chemical application per crop and user guide 
tables can be produced for the kits. Interval of fertilizer applications could also follow 
growth and development patterns but could be more complicated for practical reasons. 
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Plant growth follows sigmoid curve, thus the amount and frequency of application of 
water and fertilizers should fit into the growth curve. A plant experiences rapid growth 
initially by exploiting resources followed by a continuous steady growth as it reaches 
maturity and slows down till no growth occurs. Water and fertilizer application rates and 
intervals should thus follow this growth curve. Two to three re-fills of the bucket and the 
drum was recommended to the farmers when the kits were introduced. But such uniform 
application of water does not allow the growth of the plant to fit the curve. Thus it can be 
done by more re-fills per day at the beginning and by gradually reducing the number of 
re-fills finally to once a day. The tomatoes grown in Halhale Research Centre were smaller 
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compared to the plants grown under furrow irrigation despite the vigorous vegetative 
growth (Stillhardt et al., 2001). This could be due to uniform application of water 
throughout the growing season, which causes plants to grow luxuriously and produce less 
if the amount of water is not controlled after maturity. However, the recommendations should 
also be based on trials for specific crops and agro-ecological zones.  
 
Crops such as broccoli, cauliflower and lettuce grow rapidly, by absorbing large amounts 
of water and nutrients until harvesting time, and uniform number of re-fills could be 
followed throughout the growing season. On the other hand, tree crops like mango 
require little water for their survival during non-flowering and non-fruiting growth period 
requiring minimum number of re-fills. In most cases evapo-transpirational demand of 
crops determines the amount of water to be applied but this is not always the case. 
Vegetables that are set for transplanting require irrigation for crop establishment in 
excess of evapo-transpiration because they need more energy to adjust to the new 
environment. Climatic conditions greatly modify the number of re-fills even within the 
same agro-ecological zone. Hot, dry and windy areas need frequent refilling compared to 
cold, humid and less windy areas. Other cultural practices like spacing, staking and 
pruning, which are crop specific, can have a significant role in the performance of the 
crop and should be given as a part of the recommendation package.  
 
Recommendations 
List of suitable crops for specific micro-irrigation kits should be developed for a country 
as a part of IDE effort in producing list of potential high value crops. The list could further 
be categorized based on specific agro-ecological zones and grouped based on agronomic 
requirements of the crops. In addition, the number of plants per dripper for drip 
irrigation kits and plants/m2 for sprinkler kits should be parameterized based on the 
knowledge of other irrigation systems. Fertigation should be introduced by determining 
fertilizer requirement rates and intervals by adopting recommendations from other 
irrigation systems. Moreover, the number of re-fills should follow crop growth curves and 
should be crop specific, and cultural practices should be part of the recommendation 
packages. 
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 The role of development organisations in promoting the adoption and 
dissemination of AMIT in Eritrea 
Ermias Beyene and Viveca Nidecker 
 
Abstract 
Agricultural activities in Eritrea depend on erratic, unreliable and low rainfall. Staple food 
crops are generally grown under rainfed conditions and are normally used for home 
consumption. Despite the fact that water is one of the scarce resources in Eritrea, most of 
the irrigation schemes, use furrow and basin irrigation. Extensive use of these methods 
leads to water wastage as runoff, deep percolation and evapo-transpiration. In order to 
economise water and decrease its wastage, it is crucial to introduce drip irrigation 
technology. Lack of appropriate and affordable irrigation technologies geared towards 
poor farmers on small plots is a major constraint to the spread of irrigation in Eritrea and 
elsewhere in Sub-Saharan Africa. To address this problem, appropriate technologies, 
which have the potential to earn high return to investment, need to be identified, adopted 
and disseminated in the country. Some pilot programs and feasibility studies carried out 
so far have shown promising results. However, the potential for these systems is still not 
exploited because of many factors that include rampant poverty, lack of information, as 
well as lack of intervention of government and non-governmental organisations (NGOs).  
This paper mainly focuses on increasing participation and role of NGOs and international 
development organisations in promoting the introduction and adoption of affordable 
micro-irrigation technology (AMIT) for small-scale farmers at household level. It also 
emphasises on business creation to rural poor by linking micro-finance schemes with 
drip irrigation technology and capacity building of the private sector to ensure a reliable 
supply chain. 
 
Introduction 
As in many countries in Sub-Saharan Africa, agriculture in Eritrea, is the main source of 
livelihood of its citizens. Although the country has a variety of agro-ecological systems, 
less than 4% of the land area is considered arable under rainfed conditions. Out of the 
total 5% potential land for irrigation, only 0.2% is irrigated (Africare, 2001). Most part of 
the country experiences recurrent drought, which is the major constraint to agricultural 
production. In addition, the long struggle for independence has adversely affected 
agricultural productivity and exhausted the existing coping mechanisms. Consequently, 
this has resulted in decreased groundwater, decreased pasture and rangeland, and 
scarcity of drinking water for humans, livestock and irrigation.  
 
To solve the increasing demand for food, the government has expanded the land under 
conventional irrigation in Sheeb, Bada, Naro, Sawa, Afhimbol, etc. This being the case, the 
introduction of drip irrigation focused to subsistence farmers is important to maximise 
production per unit of water used and to enable production during dry season on 
otherwise fallow land. This is expected to ameliorate the livelihood of rural households.  
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Smallholder drip systems need a low initial capital. Nevertheless, the low initial 
investment of US $ 10, 20 and 200 needed for the IDE bucket, drum and eighth acre kits, 
respectively, could still be expensive for the poor farmer (Sijali and Okumu, 2000). This 
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could impede adoption of the system, as most farmers will not risk their limited resources 
to a newly introduced technology. Therefore, NGOs and international development 
organisations should come forward to make the initial investment as well as the required 
infrastructure for facilitating adoption and dissemination of the micro-irrigation 
technologies to the resource-poor farmers in rural Eritrea. 
 
The aim of this paper is, therefore, to assess the role of NGOs in the introduction, 
adoption and dissemination of micro-irrigation technologies to the resource-poor 
households through micro-finance schemes. It also emphasises on of the promotion 
strategies of AMIT in Eritrea. 
 
Drip irrigation systems in Eritrea 
Introduction of small-scale drip irrigation systems to Eritrea at household level can be 
traced to Refugee Trust, an Ireland based international NGO, few years ago. The next 
initiative was taken by Centre for Development and Environment (CDE), University of Bern, 
Switzerland in collaboration with the College of Agriculture (CA), University of Asmara. 
The CDE and CA team had tested and distributed different kits to farmers in different 
agro-ecological zones and conducted pre-feasibility and feasibility studies. An MSc 
student from CDE conducted evaluation of the kits distributed and their socio-economic 
impacts. The tests and feasibility studies conducted show promising results for the 
acceptance of the technologies (Stillhardt et al., 2003). However, there is a long way to go 
for large -scale adoption and dissemination of these technologies to rural households in 
a sustainable manner through establishing a reliable supply chain of the private sector.  
 
Small-scale drip irrigation technologies 
Small-scale drip irrigation systems try to retain the benefits of conventional drip 
irrigation whilst removing the factors preventing their uptake by smallholder farmers, 
such as the high purchase cost and the complexity of maintenance and operation. The 
basic components of small-scale drip system are a water tanker at certain elevation, 
couplings, valves, filter, main lines, laterals and emitters (Sijali, 2001). The bucket kit 
system can easily grow sufficient vegetable for home consumption with users even selling 
the excess. The drum system is fivefold in its capacity compared to the bucket. An eight-
acre system has a twenty-fold capacity in growing plants compared to the bucket kit 
(Sijali 2001). 
 
Addressing rural poverty requires a focus on smallholders who make up the majority of 
the rural poor. Smallholders as those engaged in subsistence agriculture on small plots of 
land, typically less than 2 ha (IDE, 2002). Improving irrigation productivity on large farms 
alone will not solve the continuing problems of rural poverty, which are getting worse in 
Sub-Saharan Africa. Increasing the agricultural productivity and income of the majority of 
farmers in developing countries who cultivate less than 2 ha is relatively untapped 
opportunity for finding practical solutions to rural poverty.  
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Opening smallholders access to affordable small plot irrigation is a critical first step to 
wealth creation for the rural poor. Low cost drip irrigation systems not only open the door 
to a path out of poverty, they are also a path to saving water and doubling irrigation 
productivity on small farms. For smallholder farmers, drip irrigation provides a means of 
 maximising returns on their crop land by increasing the economic biomass production per unit 
of water and increasing cropping intensity by also growing crops during the dry season.  
 
Economic impact of AMIT 
Most Eritrean farmers own less than 2 ha of land and few livestock. Grains produced from 
this land area hardly sustain them for about 6-10 months on average. For the rest 2-6 
months, the family has to either sell labour or some of its few livestock in order to cover 
the months of food shortage. However, once irrigated production starts, the family can 
benefit in two ways: first by consuming the products and second by selling the surplus to 
generate income. In addition, bigger kits, such as the drum kit or an eighth-acre kit, can 
create self-employment opportunities.  
 
Enabling conditions and constraints  
The enabling conditions required for the implementation of AMIT include: shortage of 
water, access to source of water (e.g. well), market, basic agronomic guidance, availability 
of seedlings and other inputs, and support of NGOs (AMIT, 2003). 
 
Regardless of the importance of micro-irrigation systems, the introduction, adoption and 
dissemination of the technology could be hampered due to some socio-economic, 
environmental and technical constraints. These include: limited access to credit, 
communication, transportation, input and information; absence of reliable data on the 
availability of water resources; lack of technology and business development packages; 
and lack of a private sector involvement to ensure a reliable supply chain and spare parts 
for AMIT (IDE, 2002). 
 
Role of NGOs and international development organisations  
Poverty is probably the greatest challenge to adoption of small-scale irrigation 
technologies. Resource-poor farmers living below the poverty line do not have resources 
to take off because access to capital is the main prerequisite. Along with the 
technologies, therefore, ways and means should be found for such farmers to access to 
the necessary capital. NGOs and development organisations can play a crucial role to 
jump-start the process with loans, demonstrations, training and publicity.  
 
Majority of the registered international and national NGOs in Eritrea, have rural 
community development programs in water harvesting, irrigation, food security and 
micro-finance schemes. Considering the fact that the introduction of AMIT could possibly 
alleviate rural poverty at household level, these international partners can play a vital role 
through funding.  
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Promotion is more than advertising, it implies a two-way communication with the 
customer. Mass media plays an important role in promotion. Rural customers need to see 
what they buy (Heieirli, et al., 2001), they never buy anything, which they have not seen in 
operation, or even better, which their neighbour has not yet bought. For this reason, 
demonstration is an important tool for promotion. The establishment of prominent 
demonstration plots where actual farmers make money from crops grown with micro-drip 
irrigation systems would be a good marketing strategy. Promoting appropriate technologies to 
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the potential beneficiaries at household level is also a challenge, which can determine their 
adoption and dissemination. Thus, conducting promotion campaigns, through various mass 
media techniques, that convince smallholders to invest in income generating activities is very 
essential. NGOs can therefore play an important role in this regard.  
 
To make the equipment widely available and on a long term basis, independent profitable 
supply chains in the private sector need to be in place. A market for micro-irrigation equipment 
with high demand and supply needs to be created. This can be done through the ‘awareness, 
information, desire and action’ (AIDA) model (Heierli and Polak, 2000). In this respect, NGOs 
could make efficient use of the MoA extension service to promote the technology. 
 
Integration of micro-irrigation into micro-finance schemes 
The government and different NGOs are already implementing micro–finance schemes in 
some parts of the country. One of these is the Southern Zone Saving and Credit Scheme 
(SZSCS) run by ACORD. Impact assessment survey of ACORD (2002), showed that 75% of 
the clients are involved in agricultural activities, and use the credit mainly for the 
purchase of oxen and few for horticultural production. Though this rural saving and 
credit programme is efficient in loan provision and saving services, it lacks business 
development services or market creation approach. The micro-irrigation technologies 
could be very attractive to fill this gap if effectively promoted and integrated.  
 
Organisations, which run micro-finance programs, can purchase micro-dip irrigation 
technologies and can provide their clients in village banks and sub-zonal branch offices 
of SZSCS on a loan basis. Presently, the minimum loan provided by the scheme is about 
2,000 Nakfa. A loan of 5,000 Nakfa is given for the purchase of oxen with two years 
repayment period. On the other hand, this money can purchase a number micro-
irrigation kits per household. Beneficiaries of the scheme can start production of high 
value vegetables and can pay back their loans during the scheduled period of repayment 
or even before. Experiences in India and Kenya show that the kits have high return and 
can pay back the full cost of the equipment in one or two seasons.  
 
As access to credit is one of the key constraints for the adoption and dissemination of 
AMIT in Eritrea, its integration into rural credit schemes could be a better alternative to 
create the financial capital needed to access micro-irrigation technology. The experience 
of ACORD and Saving and Micro-Credit Programme (SMCP) in micro-finance schemes can 
be shared by NGOs that plan to transfer micro-irrigation technologies. This approach 
could have great impact in income generation and improving livelihoods of the 
smallholders. Success of the technology transfer could be ensured through the integration of 
the NGO activities with those of the extension and research services of the MoA.  
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Transferring affordable micro-irrigation technologies in a country with resource-poor 
farmers having very limited awareness of the new technology and hardly any purchasing 
power, cannot be achieved with short-lived programs. Hence, NGOs have to design long-
term development programs, which include broad baseline surveys and pilot projects. 
Their presence for 3-5 years is of ultimate importance in the sustainable adoption and 
dissemination of AMIT. 
 Extension capacity building and Sustainability 
Extension service is the backbone for the success of the introduction of AMIT, as the 
technology alone cannot bring increased production. Improved agronomic practices, 
know-how on crop water requirement and up to date market information are very 
essential to the farmer. Thus, extension agents should be well equipped to efficiently 
assist beneficiaries of the technology through continuous training, workshops, visits, etc. 
This requires the support of NGOs for networking and sharing of experiences from such 
programs elsewhere. 
 
The sustainability of the new technology will depend on the availability of technical and 
agronomic support from the NGOs as well as MoA, continuing availability of minimum 
water requirement, the presence of a viable market for AMIT produce, the ability to access 
the market and the effectiveness and efficiency of the supply chain (AMIT, 2003). 
 
The changes in the farming system required by adopting AMIT are fairly substantial, often 
requiring a significant input by farmers in order to master the use of AMIT. Furthermore, 
the promoters, NGOs or private sector organisations, have also to expend considerable 
resources (human and financial) as a follow up and after the sale of the kits. Without this 
input the sustainability of the technology is in question. Major trust is placed upon a 
promoting body that must provide considerable and lengthy investment in market chain 
establishment, training and on-going technical and agronomic support. 
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 Theme 3 Climate and irrigation 
Rainfall input to irrigation development in Eritrea:  
Potentials and constraints 
Zeneb Habte 
P.O. Box 7453, Asmara, Eritrea 
 
Abstract 
Successful planning and development of irrigation projects should be based on careful 
understanding and assessment of inputs such as rainfall. Rainfall/water is one of the 
main determinant factors of the surface and sub-surface water availability. Due to paucity 
of well-organised climatic data, only one meteorological station (Asmara) with relatively 
adequate and complete data (1914–2002) was used to write this paper. A variety of 
statistical methods were used for the analysis. Empirical formulas for water balance 
model were used to demonstrate the water loss through potential evapo-transpiration, 
and runoff and the balance as deficit/surplus as well as soil moisture storage was 
illustrated. Results of the study indicate that the unpredictability as well as the traditional 
orientation towards rainfed agriculture has led to the misconception of the amount of 
moisture that could be gained from rainfall resources. Otherwise, there is ample amount 
of water, which could be used for irrigation if proper management is in place. The high 
variability particularly during summer rains (kiremti) results in poor predictability of 
rainfall. The decreasing trend also marks an alarming situation mainly for rainfed 
agriculture. Community sensitisation and participation, multi-disciplinary research, 
modern information management system, improved rainfall harvesting systems as well as 
soil and water conservation measures are among the recommendations that could 
alleviate the pertinent problems. The main objective of this paper is, therefore, to analyse 
and discuss some issues related to the potential and constraints of rainfall resources for 
irrigation development in Eritrea.  
 
Key words: Rainfall resources, rainfed agriculture 
 
Introduction 
In most developing countries including Eritrea, subsistence rainfed agriculture 
predominates. Most often it is characterized by limited capital resources, traditional 
method of production, low productivity of land and labour, as well as limited 
technological resources. This form of agriculture does not generally provide substantial 
contribution to the economy, producing barely enough food for human survival. Hence, 
countries that rely solely on rainfed and subsistence agriculture with few natural 
resources tend to be poor. Thus, their rainfed agriculture should be supplemented by 
irrigation.  
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Water availability is one of the limiting factors for the expansion of irrigation 
development. A precise figure may not be readily available regarding the minimum 
amount of rainfall for rainfed agriculture and where and when irrigation supplement will 
be required. Because the latter depends on many factors including altitude, soils, climate 
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and water requirement of the crop. Seasonality of rainfall/water availability has 
considerable implications for irrigated agriculture since it affects flow regimes of rivers 
and level of reservoirs. Variability of seasonal flows may be interpreted not only in terms 
of water deficit and low flow, but also in terms of flooding. Floods may occur if the total 
annual rainfall amounts are received over a very short period or in the event of high 
intensity in localized areas. Rainfall in Eritrea is highly variable in time and space, leading 
to corresponding variability in runoff, soil moisture, and stream flow and water 
availability for irrigation projects.  
 
The paper, therefore, attempts to analyse and discuss some of the potential and 
constraints of rainfall resources for irrigation development in Eritrea and focuses on 
rainfall trends in time. Due to paucity of well-organised historical climatic data 
(Mengisteab and Robert, 2001), only one meteorological station (Asmara) with relatively 
adequate and complete data (1914–2002) was used to generate the discussions.  
 
Materials and methods  
Asmara is located at 15017’ North and 38055’ East and 2,325 m.a.s.l., in the central 
highlands of zoba Maekel. River catchments like Anseba, Mereb and other rivers, which 
flow towards Sudan and Red Sea, emanate from this region. Numerous reservoirs, dams 
and ponds in the region also gain from rainfall during wet seasons and serve as a main 
source of water for human and livestock consumption as well as for irrigation 
development.  
 
The main sources of information for the rainfall data were various Italian documents for 
the period covering 1914-1950 (Fantoli, 1966), and Meteorology Unit of Asmara Airport 
for the period covering 1951-2002. The Potential Evapo-traspiration (PET) data was from 
FAO agro-climatic data. Statistical methods such as frequency distributions, standard 
deviation, coefficient of variation, and Z-score were used for analysis (Gumbel, 1972). 
With the aid of frequency distribution, some patterns in the data were discerned and the 
number of times a range of rainfall group occurred each year was illustrated. Bar charts 
were also used to display the relative frequencies of two or more variables like average 
rainfall, maximum rainfall and standard deviation of respective periods. The standard 
deviation was used to characterise the various measures of variation in rainfall. The 
coefficient of variation (the ratio of standard deviation to the mean of the same series of 
rainfall) was also computed to assess the annual, seasonal and monthly variability of 
rainfall. 
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Cheap and simple empirical soil-water balance models were used to analyse the water 
budget since the main factors which control soil moisture are the amount and seasonal 
incidence of rainfall, the ability of soils to absorb and store water, and moisture losses 
through evapo-transpiration and sub-surface flow. Soil infiltration capacity is strongly 
influenced by soil structure, which in turn depends on soil texture, and soil organic 
matter, plant cover and soil biota. To promote such analysis, the model devised by Slatyer 
(1960), to predict variation in soil moisture storage in Australia, at Katherine in the 
Northern Territory was used in this analysis. The model gives estimates of monthly 
balance in relation to crop production based on the following assumptions: a) the soil-
water reservoir retains 100 mm of rainfall in the top 1.5 m of topsoil, b) no runoff or deep 
 drainage occurs until the soil-water is recharged and 100 mm is available and c) further 
input is considered lost as runoff or as deep drainage below the rooting depth. The 
unreliability and lack of historical data in different agro-ecological zones and lack of 
detailed soil information limits any reasonable assessment at country level. 
 
Results and discussions 
Potential water availability  
Looking at the amount of rainfall record of Asmara (1914-2002), the average and 
absolute maximum daily, dekadal, monthly, seasonal and annual rainfall indicate that, 
there is a potential of getting sufficient water for irrigation. The average annual rainfall 
amounts to 493mm (range between 102 to 885mm) and the frequency of distribution 
was: 102 to 297mm (14%), 298 to 493mm (39%), 494 to 689mm (30%), 690 to 885mm 
(12%) and more than 886mm (5%). 
 
The absolute maximum rainfall for Asmara for the period covering 1914 to 2002 
compared to average annual rainfall is given in Table 11 below. 
 
Table 11 The absolute maximum rainfall for Asma a compa ed to the annual rainfall r r
Absolute maximum 
rainfall 
Amount (mm) 
 
Year recorded 
 
% of annual average 
Annual 957 1916 194 
Seasonal “kiremti” 853 1916 173 
Monthly 442 July 1916 90 
Dekadal 281 3rd Dekad of July 1953 57 
Daily 143 14th August 2001 29 
 
On average, the maximum rainfall recorded for each day of the rainy months (i.e. one day 
of maximum rainfall in each month) accounts for about 30% of the seasonal rainfall (June 
5%, July 10%, August 11% and September 3%)  
 
Seasonal distribution of rainfall during short rains (azmera), summer rains (kiremti), and 
winter rains accounts for 17%, 76% and 7% respectively. The azmera rains during March 
(4%), April (40%), and May (46%) account for 17% of the average annual rainfall. The 
absolute minimum and maximum rainfall ranges between 2.2 mm (1938) and 223.4 mm 
(1937). The kirem i rains (373 mm) rains during June (10%), July (43%), August (41%) and 
September (6%) account for 76% of average annual rainfall. The absolute minimum and 
maximum kirem i rainfall ranges between 45 mm (1956) to 853 mm (1916). 
t
t
 
The computed long-term monthly water-balance indicates that some moisture is stored 
in the soil particularly during the rainy months of July and August. In wet years, some 
water is lost as runoff (Tables 12-14). For example in 2001, a total of 137 mm, which 
accounts for 41% of long-term average seasonal rainfall, was lost in the form of runoff. 
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Table 12 Long-term ave age water balan e for Asmara (1914-2002) r c
 June July August September 
RF(mm)  37 160 152 24 
PET(mm) 132 114 113 114 
Deficit 95 - - 5 
Surplus - - - - 
Storage cumulative - 46 85 - 
 
 
Table 13 Water balance for Asma a in dry year (2002) r
 June July August September 
RF(mm)  29 89 179 45 
PET(mm) 132 114 113 114 
Deficit 103 25 - 3 
Surplus - - - - 
Storage cumulative - - 66 - 
 
 
Table 14 Water balance for Asma a in wet year (2001) r
 June July August September 
RF(mm)  74 206 258 48 
PET(mm) 132 114 113 114 
Deficit 58 - - 34 
Surplus - - 137 - 
Storage cumulative - 92 100 - 
 
Constraints  
The high annual, seasonal and monthly variability of rainfall makes the water availability 
unpredictable. The decreasing annual and seasonal trend is also a situation, which 
requires proper mitigation measures to alleviate any relevant problems that might occur.  
 
a. Variability  
Rainfall in Eritrea is characterised by high variability. Annual rainfall variability amounts to 
40%. Seasonal variability during azmera amounts to 64% (March 125%, April 98%, and May 
105%). The seasonal variability during kirem i amounts to 43% (June 83%, July 60%, 
August 53%, and September 101%). 
t
t
 
b.  Trend  
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The trend analysis using the five-year moving average for the period covering 1914 to 
2002 shows some patterns. As a whole, the annual rainfall decreases at a rate given by 
Y= -0.3549x+509. However, the seasonal rainfall indicates that the azmera rains are 
increasing at a rate of Y= +0.3329x+67.9, while the kirem i rains are decreasing at a rate 
given by Y= -0.7472x+407. The azmera rain increase for every month is given by: 
 Y=+0.1296x+5.7 for March, Y= +0.1417x+26.7 for April and Y= +0.0616x+35.6 for 
May. On the other hand, the decrease in kirem i rains for every month is given by:  
Y= -0.1625x+44.7 for June, Y= -0.1080x+155.4 for July, Y= -0.4517x+172.3 for 
August and Y= -0.2410x+34.7 for September. 
t
 
Conclusion and recommendations 
Irrigation and reclamation are powerful means of increasing land productivity. Adding 
irrigation water can overcome drought limitation and improve both the quantity and 
quality of production. The uneven spatial and/or temporal distribution, seasonal 
concentration as well as the traditional orientation towards rainfed agriculture have lead 
to the misconception of not having enough rainfall in Eritrea. Otherwise, there is ample 
amount of water, which can be used for irrigation if properly managed. Appropriate 
measures to alleviate some of the problems are recommended below.  
 
− Successful irrigation development demands well-organised and improved information 
management system. The gaps in information should be identified properly and 
efforts should be made to fill the data gap in an integrated manner. The capacity of 
pertinent ministries and/or departments should also be improved in this regard. 
− Good knowledge of water balance and water requirement of crops is a necessity for 
successful planning and development of irrigation projects. Multi-disciplinary/multi-
sectoral research will therefore be required for the adoption or development of 
appropriate water balance models and crop water requirements that suit the Eritrean 
situation.  
− Behavioural change of communities is essential on water conservation and 
management of rainwater, an important natural resource as it is, at household and 
community levels. This requires some efforts on sanitization and should be adopted 
as a culture. Mass media should play great role in this respect. Active participation of 
the community in the planning and design of such water management practices could 
promote successful irrigation projects. 
− Irrigation through diversion is limited by the size of stream flows during dry seasons. 
Efforts should be enhanced to harvest rainwater. Land surfaces could be treated to 
decrease infiltration and make more runoff water available for irrigation and other 
uses whenever necessary. The runoff could be stored in a reservoir to supply water in 
small fields. Ditches could be used to harvest rainwater from hillsides or gentle 
slopes where the soil permeability is slow. Whenever storage reservoir is needed and 
where evaporation loss is a problem, a deep reservoir with minimum surface area 
could be used to reduce evaporation losses.  
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− Feasibility of some new practices in rainwater harvest should be searched. Some 
practices like decreasing soil permeability (unnecessary loss) by treatment with 
sodium salts, or using water repellent compounds such as asphalt, paraffin, or 
silicone to resist infiltration can be implemented. Some projects produce runoff by 
using large sheets of plastic covered by a layer of gravel. Harvested rainwater may be 
guided directly to a field or garden and distributed through some form of irrigation 
system. A simple water spreading system can be very helpful in dry areas if the soil is 
deep enough to store additional water.  
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− Water that flows from the highlands to the lowlands saturates the soil in some pocket 
areas within the arid lowlands. These wet spots can often be used as sources of water 
for household consumption or livestock needs. Some of these larger spots can be 
developed as water sources for irrigation. In this regard, efforts should be made to 
identify and utilize these pockets properly. 
− Artificial recharge of underground water should also be encouraged. This technique 
normally involves spreading of water over an area of porous soils than overlie part of 
the aquifer. Good supplies of ground water depend on porous rock layers that hold 
water loosely and have surface connection so that they can be recharged. Mostly 
gravel and sand layers in valleys are good sources. Sandstone, limestone and basalt 
flows are potential sources since recharge rate limits long-term use of wells.  
− The decreasing trend of annual rainfall as in all sub-Saharan African countries 
requires proper attention particularly by developing drought-resistant and short-
maturing crops for the rainfed agriculture hand in hand with the expansion and 
development of irrigation. 
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Abstract 
The development of water resources has altered the natural flow of rivers around the 
world. Natural hydrological variations play a major part in structuring the biodiversity 
within river ecosystems as they control key habitat conditions within the river channel and 
the flood plain. A range of intra and inter-annual variations of hydrological regimes, as 
well as associated characteristics of timing, duration and frequency and rate of change, 
are critical in sustaining the full native biodiversity and integrity of aquatic eco-systems. 
The paper focuses on the value of climate information to seasonal rainfall situations and 
its implication to the water balance. It also focuses on the use of seasonal stream flow 
forecasts for making management decisions in order to improve water use efficiency in 
irrigation systems. Sustainable development of agriculture and livestock products can be 
achieved only if climate information is factorised to social and economic planning and 
implementation. The overall aim of the paper is, therefore, to provide information on water 
availability based on climate forecasts that will lead to improved water use efficiency and 
sharing of water resources between the environment and consumptive users. 
 
Key words: Hydrological indicators, seasonal climate forecasts, water resources, water use 
efficiency. 
 
Introduction 
Eritrea is poorly endowed with water resources. The annual rainfall ranges between 150 
and 900 mm. The rainfall is not evenly distributed and varies enormously from one area 
to another and from year to year. Irregular torrential rains and high potential evaporation rates 
characterize the climate. Hence, nearly all streams and rivers in this country are seasonal with 
widely variable flows. Moreover, there are no water bodies such as lakes in inland Eritrea. The 
driest parts of Eritrea are located in the southeastern lowlands, which may possibly be one of 
the driest regions in the world (Euroconsult and Walingford, 1998).  
 
Despite the undependable rainfall and semi-arid conditions of the country, the majority 
of farmers are engaged in rainfed agriculture. Along with factors such as high rates of soil 
erosion, deforestation, poor infiltration and plant and animal diseases, it is not surprising 
that agricultural productivity in Eritrea is very low. Hence food security and by implication 
‘water security’ are major issues confronting this country (Woldetzion, 1991).  
 
Ground water, though apparently limited, is often the most dependable source of fresh 
water in Eritrea. However, the unregulated digging and drilling of wells and the continuous 
pumping of water from these wells has led to a decline in water levels in many places. 
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Sustainable development may result from the creation and utilization of four forms of 
capital: manmade capital (infrastructure and technology), human capital (education, 
Irrigation Development in Eritrea 
health and nutrition), natural capital (natural resource base, including climate) and social 
capital (human institutions and social links that facilitate collective action in favour of the 
community well-being) (Serageldin, 1996). 
 
The wealth or poverty of nations should take into account not only one form of capital, 
but all four. The World Bank has done some estimations of the wealth of nations using 
these criteria. How to measure progress and sustainable development and in particular, 
how to value environmental goods, is an issue. It is easy to value a machine or a factory; 
however, it is difficult to measure the value of a watershed, an ecosystem, a biodiversity 
reserve, or the local climate. Natural capital embodies different kinds of environmental 
assets (Munasinghe, 1993). 
 
Unlike the other environmental assets, climate is subject to a great degree of natural 
variation. The normal pattern of climate in a certain region includes intra and inter-
annual variations of different magnitudes. Such variations often cause climatic events like 
droughts, floods, temperature peaks and freezes. These events impact on society, on the 
economy and on the environment (Parry et al., 1988). Recent scientific development by 
the climate community has made impressive progress with regards to climate prediction, 
so that it is now possible to have an idea about the characteristics of the climate in the 
next season. This information may be highly valuable in regions that are more vulnerable 
to such events.  
 
Three aspects of information regarding climate are necessary for sustainable 
development planning and implementation. First, climate information is necessary to 
diagnose the natural capital endowment of a given region. Second, the knowledge of the 
impacts of climatic variability (social, economic, environmental vulnerabilities, etc.), how 
the impacts occur, and causality chains are important. Third, the information on climate 
prediction with regards to the next season, allows decision makers to prompt themselves 
for action in order to reduce adverse impacts or enhance positive effects of climate 
variations (Malglheas, 2000).  
 
The experience of development planning so far has not given due attention to climate 
information, either as a component of the natural capital base or as trigger of socio-
economic crises. In order to deal properly with climate in the process of sustainable 
development planning and implementation, the knowledge base should be expanded to 
the regional climate (including climate prediction), impacts, adaptation and mitigation 
policies (Malglheas, 2000). 
 
At the local level, particularly in the less developed regions, there is still much to do to 
improve climate information. Climate is a component of the natural capital and as such is 
an important element of sustainable development. There is a need for better information 
on climatic patterns, precipitation, temperature, seasonal and inter-annual variations, and 
possibilities of climate prediction. In face of adverse climatic events, policy makers and 
producers have to decide on how to act. Though the local climate may be well known, there 
is much uncertainty on when and how a drought or a flood will happen and how intense it 
will be. Climate prediction helps to reduce this uncertainty. Information on climate 
prediction facilitates the decision making process for the next season (Malglheas, 2000).  
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 The main objective of this paper focuses on a) the application of seasonal rainfall forecast 
for June to September 2000 into stream flow modelling and b) to see the correlation of 
the simulated flow with the actually observed flow of Anseba River Basin.  
 
Methodology 
Because of the thirty years of war most of the rainfall stations are destroyed, the only 
stations that have over 50 years record of rainfall are Asmara, Massawa, and Assab. As 
the rainfall duration of Massawa and Assab do not represent the central high ground of 
Eritrea, in most cases only the Asmara data is useful for zone-1 and that of Assab and 
Massawa are used to see the behaviour of zone-3 (Fig. 2).  
 
The data used to forecast the season's rainfall are: Monthly rainfall records for the 
months of June, July, August and September from 1961–1999 (Meteorology Office, 
Asmara International Airport), Global Sea Surface Temperatures (SSTs) from 1961–2000 
(DMCN, 2000) and SST of the global oceans for the month of April 2000. 
 
The following were used to run the Stream Flow Model: USGS Stream Flow Model, rainfall 
record of 2000 for Asmara Airport, Gejeret, Hazega and Afdeyu, and Stream Flow Data of 
Anseba River (Fig. 2) from Halibmentel gauging station for calibration.  
 
Results and discussion 
The Drought Monitoring Centre in Nairobi (DMCN) usually develops a consensus climate 
outlook for each season. The forecast are based on the following information (DMCN, 2000): 
 
− The state of the global climate system and its implications for the sub-region was 
reviewed. 
− The evolution patterns of the sea-surface temperature anomalies over various parts 
of the global oceans were taken into account as principal factors. These include the 
warmer than normal SSTs that have been observed over western Indian and tropical 
Atlantic Oceans as well as SSTs anomalies over other parts of the global oceans.  
− Products from coupled ocean-atmosphere models and physically based statistical 
models from several major climate centres are considered in the development of the 
consensus climate outlook.  
− Products from various centres such as DMCN, University of Nairobi, the International 
Research Institute (IRI) for climate prediction, National Oceanic and Atmospheric 
Administration/National Centre for Environmental Prediction (NOAA/NCEP), European 
Centre for Medium Range Weather Forecasts (ECMWF) and the United Kingdom 
Meteorological Office, were utilized. 
The current status of seasonal to inter-annual forecasting allows prediction of spatial and 
temporal averages, and may not fully account for all factors that influence regional and 
national climate variability.  
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Climate outlook for Eritrea  
Based on the above methodology the rainfall forecast for Eritrea from June-September, 
2000 is indicated in Fig 2. The predicted versus the observed rainfall for the same season 
in the year 2000 for zone 2 is also given in Fig 3. The forecast is normal to nearly below 
normal for zone 1 and below normal for zone 2 and for zone-3 the forecast probability is 
climatological i.e. any of the three categories can happen (Tsehaye, 2000). The number in 
a box for each zone indicates the probabilities of rainfall in each of the three categories: 
above, near and below normal. The top number indicates the probability of rainfall 
occurring in the above normal category, the middle number is for the near normal 
category, and the bottom for the below normal category. 
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Figure 2 Rainfall forecast for Eritrea (June-September 2000) 
Figure 3 Eritrea: Predicted vs. observed rainfall for the season of June to September 2000 for zone 2 
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 The Anse a River basin b
he total catchment area of Anseba River basin is 12198 km  and the gauged catchment 
1140 km2 (Euroconsult and Wallingford, 1998). The Anseba River 
g
he main synoptic features that play significant role over Eritrea's weather and climate 
ergence Zone (ITCZ), the Monsoons, Tropical Easterly Jet Stream, 
ese region comes in the summer months 
tarting during the second week of May, extending to mid-September. The maximum 
rainfall occurs during the months of July and August and accounts for large percentage of 
annual rainfall. The rainfall is high in its intensity and short in duration during the first 
and last one-third of the rainy season. It is believed that during the first month of the 
season, a large portion of the rainfall and the resulting runoff is infiltrated causing a 
much flatter hydrograph. During the middle month of the wet season especially in the 
month of July, most of the streams in this climatic region and particularly at higher 
elevation manifest relatively uniform and well-sustained flows. By this time of the rainy 
season, most natural water bodies are filled and the ground is saturated, or at least has 
reached its field capacity, causing a high proportion of the rainfall to come runoff. The 
amount of runoff produced for an equal amount of storm during the beginning one-third 
of the rainy season increases dramatically during the mid-portion of the rainy season due 
to ample storage of antecedent moisture (Woldetzion, 1991).  
 
Importance of climate forecast to hydrological and stream flow forecasts  
T 2
area at Halibmentel is 
rises from the vicinity of Asmara and flows northwest throu h a rough terrain between 
the road and the old railway that connect Asmara and Keren. The river crosses both the 
road and railway flowing northeasterly only to change its course towards the north. It 
then joins the Barka River near the border and flows to the Sudan and finally drains into 
the Red Sea. The runoff reaches the sea only during good rainy season. Even though the 
Anseba River drains a small watershed, on the average, the unit runoff is relatively high 
(Woldetzion, 1991).  
 
Rainfall characteristics  
T
are: Inter Topical Conv
Subtropical Westerly Jet Stream, subtropical highs, high latitudes troughs, and local 
tropical disturbances (Tsehaye, 2000). 
 
The supply of water in the highlands and semi-arid western lowlands of Eritrea is rainfall. 
The rainy season that supplies water to th
s
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The monitoring and forecasting of droughts and floods depends upon rainfall magnitude 
and spatial distribution. Remote sensing rainfall estimation techniques describe the 
spatial distribution of precipitation. Using the Forecast Interpretation Tool (FIT), it is 
possible to translate the forecast into estimates of expected rainfall and its anomalies (i.e. 
quantitative interpretation of the estimated rainfall). GIS-based hydrologic modelling 
could improve the quality of flood forecasting efforts. Hydrologic derivatives yield the data set 
consisting of basin delineation, stream networks bearing topological identification numbers, 
grids of flow direction, flow accumulation, slope, and other variables. 
 
 
 
 
Irrigation Development in Eritrea 
A stream flow model has been introduced on an experimental basis to model and 
calibrate rainfall runoff model for the Anseba River flow. The model takes into 
onsideration rainfall data from selected stations and run the stream flow model. The 
nds the observed 
Figure 4 Rainfall distribution for the selected stations 
Figure 5 Monthly flow of Anseba River 
c
simulated rainfall-runoff stream flow model of Anseba correspo
information, however needs a lot of calibration works so as to be applicable to water 
resources management. Moreover the model showed flood accumulation and inundation 
areas that will be a basis for flood control and water resources development and 
management activities.  
 
Based on the above, the model was run and the result showed that the peak flow has 
corresponded with the peak rainfall as indicated in Figs. 4-7. 
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Figure 6 Daily flow of Anseba at Halibmentel 
 
 
 
Figure 7    Simulated flow of the Anseba River 
ESAPP / AEAS / SLM-Eritrea / SFSA / CDE     71
1 6 1 1 1 6 2 1 2 6 3 1
D a y s  o f  th e  m o n th
D
is
ch
ar
ge
 (m
)
J U N
J U L
A U G
Irrigation Development in Eritrea 
Importance of stream flow forecast to management of water resource systems 
Water management is often difficult because of the high level of climate variability. Water 
management aims to satisfy the needs of drought mitigation; irrigated crop production; 
urban water supplies; high water quality to avoid salinity, blue-green algae and pollution; 
as well as the correct design of new water storages.  
 
Introduction of a computer software package, which aims at improving management of 
climatic risk and rainfall analysis will help water managers and farmers to better plan 
their water allocations. Seasonal forecasting of stream flow using the latest techniques 
will provide the best available information about the next season’s water supply. Thus, 
seasonal stream flow forecasts are used to improve management of water resources. In 
recent years, significant breakthroughs have been made in seasonal climate forecasting. 
These include growing knowledge of climatic phenomena such as El Niño, use of climatic 
forecast tools such as the Southern Oscillation Index (SOI) and SSTs, as well as the 
development of delivery processes and mechanisms such as CLIM-LAB, SEASAT, Rainman, 
and Stream Flow Modelling (SFM) packages. 
 
 ired software packages so as to make use of the 
pilot test with some of the products in 
f the catchments. Its application in water resources planning and management 
should be evaluated. The findings will definitely influence the data collection and analyses 
and help develop policies related with the management of water resources of the country. 
 
Data and software requirements 
The following data and software are required to support and enhance hydrological 
forecasting as a management tool: 
a The surface water data requirements are: series of monthly and annual runoff 
volumes, low flow frequency distribution, frequency distribution of high discharge 
and large volume flood, shape of typical flood hydrograph, sediment transport, 
quality of water, and stage discharge rating curve/ table. 
b The meteorological data requirements are: precipitation and evaporation distribution 
in space and time, data on heavy rainfalls and floods, ground water level, distribution 
temperatures, and satellite remote sensing 
c The software type requirements are: remote sensing rainfall estimation techniques 
(RFE), Forecast Interpretation Tool (FIT), CLIM-LAB, SEASAT, Rainman, and Stream 
Flow Modelling. 
Climate information and water management 
To improve water management, seasonal climate forecasts need to include stream flow 
and runoff estimates. Assessment of the usefulness of the forecasts in improving 
management of water resources for urban, rural, agricultural and environmental needs is 
also important. The knowledge and skills of water users and managers should be 
developed so as to cope with languages of the expertise of forecasting agencies. 
 
To date, the idea is to gather the requ
a and run the models and carry out a existing dat
one o
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of air temperature and wind, sea-surface 
imagery. 
 Eritrean water users will benefit through: a) better management of water by public 
ceive. Adopting modern water management 
chniques can help operate their irrigation systems efficiently. Real time forecasting of 
r resources between the environment and consumptive 
o mainstream the climate variable into the development 
whi
fres
goo ding the impact of climate 
avai
 
Refe
Dro
Eur  Walingford, 1998. Sector Study on National Water Resources and 
Irrigation Potential, Surface Water Component, Water Resources Department, Asmara, Eritrea. 
ution for Climate Prediction. The World 
agencies for community supply and by farmers for crop production, b) good knowledge 
and use of historical records of local stream flow with information about averages, 
probabilities and droughts, c) access to information about the next season’s water 
supply, and d) substantial public involvement in water resources’ decision-making. 
 
Changes in management strategies 
When there is a prediction of drought, decision-makers at all levels need to prepare 
adaptation and mitigation plans. In flood case, as preventive action, mapping of 
vulnerable areas may be necessary. The social and economic effects of climate on the 
vulnerable population and on the natural resources should be identified. Causality claims 
between a given climate event and its final impact are hence established for the proper 
identification of sustainable policy measures. 
 
People involved in irrigation practices and managers need to introduce irrigation 
scheduling based on the information they re
te
the water balance may also help them to manage their reservoir based on the available 
water. 
 
Concluding remarks 
nformation on water availability based on climate forecasts will improve water use I
efficiency and sharing of wate
users. Hence, it is necessary t
planning and implementation processes. 
 
The problem of communication between scientists and policy makers needs to be 
addressed through mobilization of resources to promote research into the processes, 
ch govern the hydrological cycle and those that control the interaction of climate with 
hwater bodies. Development of useful forecast/modelling products will also provide a 
d basis for better decision-making. Moreover, understan
variability on society at national, regional as well as at community levels, and on resource 
lability and management is important. 
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Abstract  
Women are playing a leading role in agricultural activities in Eritrea. On top of the 
household tasks, they provide most of the labour required for planting, weeding, 
harvesting and even during processing after harvest. Community-based irrigation 
development programs financed by Early Childhood Development (ECD) and UNICEF, 
involving groups of women farmers are underway in certain parts of the country. The aim 
of the study is to assess the role of women farmers in agriculture in Eritrea thereby 
identifying the main constraints for their involvement in agriculture, especially in 
irrigation. Sample farmers involved in the project, from randomly selected seven villages 
of three zobas (administrative regions) of Maekel, Debub and Anseba were interviewed. 
Women's responsibility in undertaking these programs has proven to be very successful. 
The benefits are that women farmers in the group have increased responsibility and 
improved their skill of managing irrigation projects including water management systems. 
They have increased their financial capacity to improve the livelihoods of their families. 
However, the main constraining factors in the development of these programs especially 
for women in the sample villages include; shortage of labour adding workload to them 
over the house hold tasks, capital constraint and lack of knowledge especially in water 
management. Lack of inputs and distribution of land also have significant effects in these 
programs. Therefore, introducing labour saving irrigation methods and improving the 
credit schemes for farmers to have easy access to credits, are among those prerequisites 
for successful development. As farmers’ awareness of modern technology is very limited, 
strong extension services of all kind and training of farmers, especially in efficient 
irrigation methods, is highly required.  
 
Key words: Credit associations, gender, irrigation 
 
Introduction 
The term gender refers to social, economic and cultural roles and relations between 
women and men. This includes their responsibilities in a given culture or location (IFAD, 
2000). Gender development is a development programme that addresses both women 
and men putting special emphasis on utilizing participatory approaches to involve women 
in all the development plans. To formulate such projects, vast information of the specially 
constructed roles and responsibilities of women and men, the pattern of their access to 
and control over resources and benefits, their perceived problems and priorities must 
exist and be analysed to design, implement, monitor and evaluate the project 
successfully. 
Irrigation Development in Eritrea 
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Gender in agricultural development gives special emphasis to investigating rural women's 
capacities and knowledge on a wide range of agricultural practices such as: animal 
production, irrigation, forestry, and fisheries. It takes into account the local division of 
labour in various farming systems. In irrigation development, gender is considered in 
issues of access to resources such as land, water, market, knowledge and the financial 
power for investment. It is also equally important to verify the actual division of labour in 
a particular locality, ethnic group and farming system. 
 
Both women and men play critical roles in agriculture throughout the world, producing, 
processing and providing the food we eat. Rural women in particular are responsible for 
half of the world's food production and produce between 60 and 80% of the food in most 
developing countries. Although women farmers are assuming an increasingly prominent 
role in agriculture, they remain among the most disadvantaged of the population. War, 
rural to urban migration of men in search of paid employment and rising mortalities 
attributed to HIV/AIDS, have led to a rise in the members of female-headed households 
in developing countries (FAO, 2000). 
 
Agriculture is the most important sector in the Eritrean economy, employing about 80% of 
the population, including both men and women. The role of women in agriculture dates 
back to the early days in the Eritrean history. In all ethnic groups, tradition doesn't hinder 
women from participating in most of the agricultural activities. Especially in the past ten 
years agriculture has done a lot of gender-related developments. Women's participation 
has increased as their access and control over resources has opened. While men do the 
ploughing and planting, women participate in the initial land clearing and preparation, 
weeding, harvesting and threshing. Once crops are harvested women farmers also 
provide most of the labour for post-harvest activities taking responsibilities for storage, 
handling, stocking, processing and marketing. 
 
Rainfed agriculture in Eritrea is becoming increasingly unreliable due to the erratic nature 
and meagre amount of rainfall. Thus, the government's approach is to mitigate this 
problem through irrigated production. On the other hand, as it is the case in most 
developing countries, Eritrean women farmers currently are increasingly taking charge of 
rural homestead and farms as their men folk leave for the country’s marshal plan and 
also migrating to towns in search of paid jobs. This ‘feminisation of agriculture’ coupled 
with the advancement of irrigation, places a considerable burden on the women’s 
capacity. 
 
Therefore, the impact of gender related issues in this sector of the economy is highly 
significant and should be addressed in all activities related to agricultural development. 
The main objectives of the study are to:  
− assess the role of Eritrean women in agriculture, particularly in irrigation, and  
− identify constraints that hinder women from being involved in agriculture, especially 
in irrigation, thereby paving the way for their solution. 
 
 
 
 Materials and meth
ndomly selected in
 each village part
ods 
Seven villages were ra  three zobas; Maekel, Debub and Anseba. Two 
women farmers from icipating in the community based irrigation 
development programs financed by ECD and UNICEF were interviewed. In addition, a 
ted issues was made. 
 
aimed at gathering information on: water management (source of water, water 
program, ideas in solving the 
xisting constraints and access to resources (water, land and credit). The data collected from 
w was analysed according to the main constraints of the individual village.  
 selected to participate in this development 
rogramme supported by MoA in collaboration with ECD and UNICEF, which started five 
s for irrigation and this has lifted the 
urden of fetching water from distant water sources.” Three years later, however, the water level 
as declined leading to acute water crisis for the group. Financial limitation has 
review of different publications on gender rela
The interview 
delivery, plot size), workload of the family members (division of labour), constraints for 
women's involvement in irrigation, ultimate benefits of the 
e
the intervie
 
Results and discussion  
The problems identified by women in sample villages are categorized as: access to 
resources such as land and water (availability of water sources, competing water needs, 
water management, land tenure and its legacy); capital (access to credit); design 
limitation (plot size and allocation, and labour); and training and extension.  
 
Access to resources 
Availability of water source  
In determining the suitability of the different water sources, the distance from the irrigated 
fields to farmers’ homesteads has to be considered. A certain distance from the source to their 
homestead should be agreed upon by both women and men farmers. The quality of the water 
also determines the suitability of the source. In the sample villages studied, the water source 
was not too far from their homesteads. Out of the seven villages, three use well water and two 
use dam water. The sixth village had still to construct a well. The seventh village has not been 
involved in the program. All the villages use traditional method of irrigation (furrow irrigation).  
 
In zoba Debub, sub-zoba Segeneiti, in the village of Maereba, a woman farmer who is the 
representative of the group described the problem of water availability as follows: “There 
are 60 women in the group and the husbands of most of them have left to do their 
national service. These women were
p
years ago. They were supplied with water pump
b
in the well h
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interfered with the construction of wall lining the well to protect it from collapsing. Moreover, 
further excavation of the well to reach the water table level has been so difficult for the group 
for the same reason. Their well is located on the down stream of the village's dam. The 
community uses the dam for all its needs. The capacity of the dam has become very low as a 
result of siltation and hence could not supply the required water for the various activities of the 
community. Therefore, the group in this area has critical water shortage and irrigation 
frequency has been reduced from once or twice a week to once in three to four weeks. This has 
ultimately resulted in sharp decline in production to the extent of abandoning the program. To 
reactivate the programme rehabilitation of the dam is necessary. 
 
Irrigation Development in Eritrea 
Competing water needs 
In addition to the irrigation water requirements for crop production, the estimated need 
of water for other purposes, for example, drinking water for humans and cattle, irrigation 
of homestead agriculture and trees should be considered in the design of irrigation 
development to avoid possible conflicts between different water users. It is also important 
to identify and anticipate the hydrological, infrastructural and social linkages between the 
ifferent uses of water. Apart from quantifying the d amount of water to be used for 
by degradation of the dam combined with the expansion 
the actual availability of water and the 
chnical considerations determining the optimum water delivery system are important. In 
d, women and men are properly represented. 
o are landless arrange for leasing or sharecropping 
 not a 
ob
du
wor apable of covering all the plots. 
nlike the other villages (e.g. in Adi-Logo), men farmers in Adelges using the group’s pump do 
ot pay for the services. This has become an additional burden to this group of women farmers 
volved in the program. 
different purposes, the timing of water provision needs consideration. Water consumption 
of livestock needs to be seriously included in the overall water plan. Although livestock 
are important in the livelihood of the farmers, they might compete when water is scarce. 
 
In zoba Maekel sub-zoba Berikh, in the village of Tseazega, a water crisis has occurred 
throughout the village in the dry season. A conflict arose between the irrigating farmers and the 
cattle herders. The government had to intervene and priority was given to the animals and as a 
result irrigation at the tail end was stopped. Irrigation of the women's fields however continued. 
he decreasing supply of water is caused T
of traditional irrigation schemes, a high influx of cattle and a growing population in the area. 
Conflicts also arose around the gates that control the water flow. The women's fields were, 
however, far from the conflicting center because they irrigate from the upper side of the dam. 
 
A proper design of the technical and social water management structure is a crucial step 
in the design of irrigation scheme (Jordans, 1996). Water management includes design of 
a water delivery system and social organisation of water management.  
 
Water delivery system 
To efficiently irrigate all plots in a scheme, 
te
addition, irrigation scheduling that includes the following factors needs to be considered.  
a Irrigation schedules must be simple particularly in irrigation schemes where many 
farmers are involved.  
b Farmers need to discuss the various alternatives and come to an agreement, which 
satisfies all parties involved. 
c It is important to guarantee that all groups of farmers, small and large, head end and 
tail en
There are twenty women in the village of Adelges, participating in an irrigation development 
program. Out of these, ten own land in the irrigation potential area while the other ten have 
land far away in the marginal area. Those wh
of land. The women who participate in this irrigation programme said that water is
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pr lem but the water delivery system is. The members in the group have increased resulting in 
re ced irrigation frequency from every six days to every three weeks. This has also increased 
kload to the pump making it work day and night, yet not c
U
n
in
 Shortage of water conveying pipes is another problem as there is no legal agreement 
ing, less 
ably women farmers, could have problems to secure their water 
A woman farmer whose field was located at the tail end had 
y not always 
dequate, especially in the tail end of the scheme. 
 
nd sharecropping of land. 
among the group members, that own different plot sizes and have lands at different 
distances from the source, over how to manage the irrigation water. The water has to be 
conveyed over a longer distance to reach to some of the fields and this incurs additional 
expenses and results in the loss of water in different ways from the canals. 
 
On demand water delivery system ensures an adequate and timely water supply to the 
farmers in cases where water is not limiting. Given the workload of women in agricultural 
activities, on demand water delivery is often convenient for them in terms of flexibility in 
planning their work. The disadvantage might be that influential, male irrigators can better 
defend their interest than vulnerable or female irrigators, whose demand may not be 
eard. Especially during peak periods such as land preparation or transplanth
influential farmers, not
turn (Jordans, 1996). 
difficulties to get her turn to irrigate. She had to go frequently to the water distributor 
and convince him whenever she wants to irrigate her field. A scheduled water delivery or 
rotation system, on the other hand, has the advantage that it guarantees a regular supply 
of water to each plot although timing might be less convenient and quantit
a
 
Land tenure and its legacy 
The land tenure system in Eritrea has been one of the constraining factors to develop 
appropriate and sustainable land management systems. The ‘Diesa’ system (where land is 
redistributed every five to seven years) and the ‘Tsilmi’ system (where land is transferred 
permanently to generations within the family) have a significant effect in the land 
management systems. In all the sample villages, an amendment to the land law 
guarantees equal access to land for both women and men. 
 
n zoba Anseba, though the existing land legislation allows open access to women andI
men, the programme didn’t attract women. The women group was asked to participate in 
the irrigation development program. They were pledged to be supplied with water pumps 
and other irrigation facilities but showed strong reluctance to participate. As a result 
there was no irrigation development programme for women in the zoba. The main reasons 
seem to be that the inhabitants are dominantly cattle herders and agricultural activities might 
have less priority or women traditionally are not allowed to participate in agriculture or 
previous land tenure system (Tsilmi) has the influence. Therefore seeking other means to 
involve women in irrigation is required. Some of these options are to introduce traditional 
homestead-based activities like family kit irrigation method in their backyard gardens. 
 
Where there is much resistance to land rights for women, a first strategic step can be the 
allocation of land to groups of women. In proposing community-based irrigation project 
that involves groups of farmers, the participants in the scheme are partly determined by 
land ownership and by the topography that determines the accessibility of the land from 
the command area (water source). Landless people and farmers who own land far away or 
on sloppy areas are thus excluded. Participants will most probably be landowners from 
various socio-economic groups with land in the command area. However, there is a room 
o involve those excluded through: redistribution, lease a
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Moreover, digging additional wells and constructing other water harvesting structures 
 
n 
proving the livelihoods of the farmers. When it comes to irrigation, however, farmers 
 all the sample villages studied, capital was the common limiting factor as mentioned by 
 farmers practicing irrigated agriculture. As a result, in the current 
prod  water. Once rights are established, access to credit influences 
Des
to b s plot size, infrastructure layout 
 the land distribution system in the village.  
could also solve the problem. 
 
In zoba Debub, sub-zoba Dekemhare, the irrigation development programme in the 
village of Korbarya failed to attract sufficient interest of farmers. As a result, most of the 
women who were members of the programme stopped participating. A contributory cause 
was that most of these women have fields far away from the water source, which has 
made water accessibility very difficult. In this particular area, however, there is a potential 
for extending the irrigation area. Digging more wells and developing new irrigation plots 
that could be allocated to farmers, can be a solution. Equity considerations are important 
n this situation and existing land legislation and customary rights related to land use, asi
well as the land tenure system need to be considered. 
 
Credit saving  
Limited access to credit and agricultural inputs is often one of the main constraints for 
smallholder farmers to increase their productivity. Expected results of irrigation schemes, 
i.e. increased crop production and thus increased income, will not fully materialize if 
certain groups of farmers are excluded from access to credit. Short-term credits like the 
one provided to farmers by Self Help Project in zoba Debub has a significant impact i
im
have to be provided with long-term credits because without access to credit they may not 
be able to invest in irrigated agriculture. 
 
In
both women and men
situation, they cannot afford to rehabilitate their wells and to buy irrigation water pipes, 
quality seeds, fertilizers and farm implements. With irrigation increasingly becoming a 
private investment, access to capital becomes a determining factor for access to land and 
water. A strategy to increase women’s access to land and water should ensure their 
accessibility to capital and credit. In addition, access to capital and credit is crucial for a 
uctive use of land and
the ability to control land for longer term. 
 
ign choice limitation 
In each irrigation scheme, design choice should include several technical issues that need 
e decided upon. These may include choices such a
80 
and facilities for other uses through participatory approaches. 
 
Plot size and allocation  
If an opportunity of enlarging community based irrigation farms is to surface, women and 
men need to be consulted on the optimal plot size and allocation, as there are conflicts 
that might arise on these issues. In the village of Tseazega, a conflict arose between the 
community and the participating groups. The community is reluctant to allow permanent 
holding of fertile land to the women farmers group. The community claimed such land 
would be equally reallocated to all other members of the community for rainfed 
agriculture, according to
 Labour 
Irrigation causes an increase in workload to farmers in general and to women farmers in 
particular. One of the ways to reduce the workload is to introduce labour saving 
technology for the most labour intensive tasks. In most of the sample villages studied, 
omen indicated that their workload is on plot preparation, constructingw  furrows and 
r about a week on fertilizer application 
nd general crop management. However, it was indicated by the participating farmers, 
nt and other low cost irrigation methods is 
velopment. 
waterways, cultivating, and weeding coupled with household tasks. Taking the net effect 
of certain constraints into consideration, labour is highly required during time of peak 
water requirement. Due to shortage of the required labour therefore farmers, especially 
women, will be forced to irrigate a limited area of land. In the village of Adelges a woman 
farmer owns about 0.5 ha, which is one of the smallest plots among the other irrigating 
farmers, yet it was very hard for her to manage this field due to shortage of labour. She 
has the intention to expand the irrigated field but the labour problem has restricted her.  
 
Training and extension 
In irrigated agriculture, both men and women farmers need to be involved in extension 
and training programs, including the operation and maintenance of pumps, water 
delivery, water management, etc. All the women participating in the irrigation 
development programme get training every year fo
a
that the need for training in water manageme
very crucial. Equally important is also training on simple field methods of determining the 
moisture status of the soil to decide on the appropriate time of irrigation.  
 
The different problems presented in the previous paragraphs are summarized in Table 
15, which shows the overlap and the differences of the constraints of participation of 
women in irrigated production. Analysis of the information covers causes of the 
roblems, current coping practices and interventions for dep
 
Table 15 Summary of problem analysis of women’s participation in irrigated production and possible 
interventions 
Problems Causes Coping practices Interventions 
Lack of capital and 
inputs 
- poverty 
- lack of credit to 
purchase inputs  
- use own seeds  
- hire pipes 
- leaving land fallow 
- reduced use of 
fertilizers and water 
- sharing wells 
- reduce plot sizes 
- access to credit  
- multiplication and 
provision of seed at local 
level 
upgrading the water 
catchments 
- digging new wells and 
rehabilitating the 
existing ones 
In
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creased work load and 
lack of labour  
- more burden to 
household tasks 
- husbands & sons are in 
national service 
- no financial capacity to 
hire more labour 
- under-aged children 
involved 
- reduced plot size 
- use leasing or 
sharecropping of land 
-access to labour saving 
technology 
- improve division of 
labour among the 
household and increase 
credit opportunity to hire 
more labour 
Lack of adequate 
services 
- lack of effective 
extension system to 
reach all farmers  
- use of traditional 
knowledge 
- strengthen the 
extension system (e.g. 
through mass media) 
- training of farmers, 
field demonstrations 
Irrigation Development in Eritrea 
Conclusion and recommendations 
omen have the potential asW  men, to manage and play a leading role in agricultural 
labour and capital saving irrigation methods such as low cost hose 
ordans, E. 1996. Socio-economic and Gender Analysis Program: Sector guide, Irrigation. FAO, 
activities especially in irrigation. The number of farmers, especially women, practicing 
irrigated agriculture is tremendously increasing because more benefits are obtained from 
irrigated projects to improve the livelihoods of the family.  
 
As more water harvesting structures are widely constructed, more farmers are 
encouraged to invest in irrigated agriculture. However, lack of adequate training, low 
access to credit and shortage of labour, have significantly affected the capacity of the 
farmers to invest in irrigation, especially to women farmers. Thus, development of 
community-based irrigation programs involving women, should take the following into 
onsideration. c
− Introduce 
irrigation and family drip kit for the existing plot sizes, provide training to farmers 
and improve their access to credit.  
− Seek ways of optimising the traditional furrow irrigation methods.  
− Provide farmers with simple resource maps at village level, which can help them to 
easily describe and understand features presented.  
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 Socio-economic and institutional aspects influencing the adoption of 
 
quired. Some of the crucial factors influencing farmers’ perception and willingness to 
 are: local or regional water management practices; access to 
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Abstract 
It is well known that success or failure of the introduction of any new technology to 
potential users requires that it is technically adapted to the local conditions and is of 
good quality. In the successful introduction of micro-irrigation technology to small-scale 
farmers, less attention was paid to the social, economic and institutional framework
re
test a new technology
resources such as land, irrigation water, tools, finance and knowledge; costs and time of 
return on investment; changing responsibilities in terms of gender specific workload; size 
and shape of provided irrigation kits; and knowledge transfer at all levels.  
 
Keywords: Affordable micro-irrigation technology, technology transfer, IDE, Eritrea 
 
Introduction 
This paper is based on the outcome of a feasibility study that was conducte
2
(Stillhardt et al., 2003). This was followed up by a master’s research from the University 
of Berne carried out in the highlands of Eritrea that focussed on social, economic, 
ecological and institutional settings and their effect on the acceptance of farmers towards 
the technology (Nidecker, 2004).  
 
The tec nology used for the study was developed by International Developm
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success and fai
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Success or fa plementation depends
asibility/suitab
 on many factors, of the most importa
s, technical suitabilit
hed and well-known 
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re are several estassess. In addition, the
a
known that d
environment
a short-term fe ility study man
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cial, economic an
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 project perspecti
 is realistic.  
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Discussion 
A feasibility study was carried out to assess the adoption of AMIT in Eritrea. This was 
followed by a masters research focussed on the socio-economic aspects of the adoption 
in the rural and sub-urban highlands of Eritrea. Both studies were carried out under the 
lead of Centre for Development and Environment (CDE), University of Berne in 
ollaboration with College of Agriculture (CA), University of Asmara. 
ructures, water pricing, water quality, etc. are becoming highly disputed 
pi
high
irrig 2001). Depending on the environment and the 
op d. In areas where 
nk a week. Farmers’ 
perm  store the water for the coming 
days in the soil” (Nidecker, 2004). 
 
al 
y is 
o 
 
If installed and used properly and under convenient environmental conditions, micro-
irrigation can save labour i.e. there is less need for weeding, seedbed preparation is 
easier, and often application of water is easier, etc. On the other hand, introduction of 
micro-irrigation technology can lead to a higher workload; for example, the additional 
amount of water used for irrigation must be fetched and carried to the field. This is often 
part of children or females’ work, resulting in an increase of their total daily workload. 
Therefore, the availability of human labour for fetching water and a short distance to the 
water source are essential factors for farmers’ acceptance of the new technology and 
must at least be compensated by a felt economic benefit within a short period of time.  
 
When farmers use irrigation technologies other than drip, they often own a motor pump 
and irrigate their fields pumping the water through channels. Introduction of AMIT in this 
case can also create additional workload because water must be fetched at the outlet of 
the pump and then carried to a bucket or barrel. The kit will also need continuous 
checking and follow up adding to the workload of the farmers (Nidecker, 2004). 
 
 
 
 
c
 
Water  
The main goal of the micro-irrigation technology is to save water and to make cropping 
possible during the dry season. Therefore it is not surprising that water is one of the 
most important issues to consider. Not only the availability of water, but also local water 
management st
to cs in discussions between farmers, implementers and researchers. Drip irrigation has 
er water use efficiency than other irrigation technologies e.g. furrow or basin 
ation (Cornish, 1998; FAO/IPTRID, 
cr s, daily application of water is needed when drip irrigation is use
ta  water is used, water delivery happens often only once or twice 
statements in such areas are therefore rather clear: “If availability of water is not 
anently secured, we prefer to flood our fields and
 
When water is freely available and no water management concept is regulating prices and 
access to water, it is very difficult to create awareness of water as a scarce natural
resource. As long as farmers do not have any direct benefit, saving water is not a re
problem for them. It was observed that the interest in micro-irrigation technolog
84 
much higher in areas where farmers have to pay for water because saving water can als
save money to farmers (Stillhardt et al., 2003; Nidecker, 2004). 
 Area under irrigation and expected benefit 
The irrigation kits introduced, include a bucket kit, vegetable kit, horticulture kit and a 
ering areas of 20,100,130 and 160 m2, respectively (Stillhardt et 
arried out by 
rea is 
Eritrea. Interviews with the farmers indicated that 
roduction from areas under drip irrigation for the market was rare. 
getables were 
uch higher during off-season, the high prices for seedlings and the high uncertainty of 
uction 
r the market is intended, farmers need access to marketing structures or markets with a 
permanent demand for the offered products. In the highlands, and especially 
support and access to market information must be 
he rough estimation of prices of different drip irrigation technologies available in Eritrea 
 AMIT to 
micro-sprinkler kit cov
al., 2003). Results of the feasibility study as well as in-depth interviews c
rea under irrigation is too small. The covered aNidecker (2004) showed clearly that the a
ot sufficient for market production in n
surplus p
 
Calculations based on farmers’ information and assessment of market prices (Nidecker, 
2004) proved that farmers can cover the costs for the kit within about two years 
depending on the crop, time of harvest, proportion of yield sold on the market, consumer 
demand and season within the year. Nevertheless, about 75% of the visited households 
used the additional crops mainly or exclusively for home consumption. This increased the 
food quality of the respective household, but was not registered as an economic benefit. 
 
Farmers who wanted to produce off-season crops had difficulties to find seedlings and if 
available, the price was often rather high. Even when market prices for ve
m
agronomic success led to a high economic risk for farmers (Nidecker, 2004). If prod
fo
more or less 
in the main roads that lead to Asmara roads, big markets, constant demand and short 
transport distances encourage investment in cash crop production under micro-irrigation. 
Even in such cases, the size of the area under irrigation must be suitable to the needs of 
the farmers. Such an adaptation can only be reached when the technology as well as the 
technical knowledge for customisation is locally available and installations can be 
designed according to farmers’ needs and wishes (Stillhardt et al., 2003). In addition, 
ntensive agronomic knowledge, i
available to farmers. 
 
Price comparison for some micro-irrigation technologies available in Eritrea 
Micro-irrigation is a technology developed mainly for semi-arid environments with the 
purpose to save water. When it comes to the introduction of micro-irrigation technology 
to farmers, one of the most often heard arguments is that it helps to generate additional 
income (Heierli, 2000). Under certain circumstances this is true, but it often needs, as 
partly explained above, the adaptation of many other factors until micro-irrigation 
becomes profitable to farmers. 
 
T
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are shown in Table 16. The prices are partially based on estimations and other costs (e.g. 
for a bucket or a barrel, a fence, seeds or seedlings etc.) are not included in the 
calculation. Prices could have changed in the meantime, but the comparisons could still 
be similar. Depending on the type of kits, the price ranges between 45,000 and 70,000 
Nakfa per hectare, which is a very high investment for farmers, especially if they don’t 
know the technology. The comparison shows that especially the IDE vegetable kit is 
cheaper than the other products. Considering the area under irrigation, the table shows 
that it is not the technology itself but the simplicity and the applicability of the
Irrigation Development in Eritrea 
smaller plots of land that makes it affordable. Thus, one should take two important 
he above calculation 
an considerably increase the total cost of the kits to a range of 70,000 to 
003; Stillhardt et al., 2003; Nidecker, 2004). 
things into consideration when introducing micro-irrigation: 
1. It is not the technology itself that makes micro-irrigation affordable for small-scale 
farmers but the small size of the IDE kits. 
2. Additional costs for fencing, tanks, barrels, spare parts, diesel pumps, irrigation 
water, seedlings, access to market, etc. need to be included in t
and c
100,000 Nakfa per hectare (Mackay, 2
 
Table 16 Assessment of costs for different micro-irrigation products in Eritrea 
Type of irrigation kit Area under irrigation 
(m2) 
Price per kit  
(Nakfa) 
Price per ha  
(Nakfa) 
IDE bucket *   20   135 67,500 
IDE vegetable * 100   445 44,500 
Netafim * 500 3726 74,500 
Chapin Watermatics 500 3500 70,000 
Source: Stillhardt et al., 2003* Price ex factory x 2 (service charge, shipment costs, custom clearing) plus 
15 % retailer’s margin). - Exchange rate: USD: Nakfa = 1:13.5 (October 2001) 
 
In general market prices of agricultural products are fluctuating rather fast. For example 
prices between 2.5 and 18 Nakfa per kg of tomato were reported within eight months in 
2002. Fluctuations can partly be explained by the seasonality of the products and partly 
by inflation. In addition, product prices also depend on the onset, distribution, amount 
and intensity of rainfall. For farmers without the necessary knowledge and access to 
market information, it is difficult to decide what vegetable to produce at what time. 
Farmers newly introducing the drip irrigation technology on their fields also need 
of 
r equity. 
remendous efforts and progress have been made in the last ten years toward the same. 
chieving gender equity, particularly when it comes to division of labour for indoor and 
utdoor activities, however, requires behavioural change, which in turn calls for decades 
f sustained hard social work. In many rural highland areas, traditional beliefs and rules 
consultation and support in the agronomic practices since the introduction of micro-
irrigation technology might often require different cultivation techniques. Most of the 
farmers who are selling surplus crops to the market are those who produced either green 
pepper or okra. Especially okra was reported to always have good price in the market 
(Nidecker, 2004). 
 
Eritrea is a small country and the market for a new technology is very small. The possible 
small market for micro-irrigation equipment in the country may not encourage the 
introduction of different and incompatible types of kits. Thus, it is crucial that spare parts 
for the kits and local knowledge for the customisation of the kits are available. The rate 
successful implementation could certainly be increased when all stakeholders in Eritrea 
share and exchange their knowledge.  
 
Gender aspects 
It is the policy of the government of the State of Eritrea to ensure gende
T
A
o
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o
 prohibit women from participating in outdoor farm activities, except within their own 
ousehold living 
, 
e tested kits refers mainly to the small size of the kits and not to 
 do not perceive the better nutritional status as an economic 
benefit, although it contributes to the household’s food security. 
backyard. This confinement to non-income generating household tasks makes women 
almost entirely dependent on men, even for the purchase of basic food items, and has a 
negative impact on household food security (Mehari et al., 2003). 
 
The IDE smallholder bucket and vegetable kits could enable women to be breadwinners 
(while still respecting traditional obligations) because these kits can be installed in 
ackyards to produce some basic food items. This could improve hb
conditions and greatly reduce women’s dependence on men. 
 
Interviews with members of a women self help group near Mendefera (testing bucket drip 
kits in backyard gardens) showed the implementation of irrigation kits can substantially 
help to increase the livelihood of female headed households. With a small financial input, 
vegetables can be grown near the house and can either be sold or used for home 
onsumption if the additional workload can be covered (Nidecker, 2004). In some casesc
male farmers argued that since part of the responsibility for food production changed 
successfully into women's hands, males can take life more easy and produce less field 
crops for home consumption (farmer, testing a 500 m2 Netafim kit in Hagaz). The larger 
size of the Netafim kits makes them more useful for market production. The most 
unexpected and surprising finding was that the new technology was used to change the 
males’ workforce and load to that of the females and not to increase the household income. 
 
Conclusion 
Success and failure of the introduction of micro-irrigation technology depends on a large 
number of factors: social, economic, ecologic and institutional. These include: availability 
of and access to water, water management and pricing and sufficient human labour for 
fetching water. The following points need to be considered when introducing micro-
irrigation technologies. 
 Affordability of th−
the price per hectare. 
− All new technologies introduced may not necessarily alleviate poverty at the 
beginning of the project because the limited resources of poor, subsistence farmers 
do not allow them to take any risk. Thus, a mechanism of assisting the farmers at the 
initial stage becomes imperative. 
− The small IDE kits are mainly used to increase food quantity and quality and sometimes sell 
the surplus. However, farmers
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− Better knowledge, agronomic and technical support, and better access to 
infrastructure and markets are needed besides larger kits for cash-crop production 
− Availability of system components and spare parts, and more local knowledge about 
how to customise kits according to farmers’ needs are essential factors for success. 
− In some cases, the introduction of the micro-irrigation technology may lead to a 
substitution of men’s workload by female’s (or children’s) workload, which is not a 
desired outcome. 
Irrigation Development in Eritrea 
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Abstract 
 diagnostic farming systems survey in the coastal areas ofA
Dimnet Dige, Bises, Tiluk and Sheeb-Ketin), Wekiro and Wodilo was conducted from 
1995-1996. This is a potential production area with a mixed farming system based on 
spate-irrigation (Gerif). Row planting, cow traction, spate irrigation, animal feed using 
zero grazing are practiced and make this agricultural system unique. The objectives of 
the survey were to describe and understand the farming systems, and identify and 
prioritise the major production constraints so as to assist farmers in providing 
appropriate solutions. Participatory Rural Appraisal (PRA) as well as the use of structured 
questionnaire at household level was employed to collect data. Direct field observation on 
natural resources and enumeration on vegetation were undertaken. In this study, the 
major natural vegetation types, crops, livestock and the factors affecting the spate 
irrigation production system were identified and described. The major constraints were 
hortage of water and grazing land, weak irrigation infrastructure, and low crop and s
livestock pr
land use pra
of reservoirs, additional wells, and irrigation infrastructures. 
 
Key words: Agro-pastoral, coastal plane zone, farming systems, spate irrigation 
 
Introduction 
A iagnostic farming systems survey was carried out in the villages of Sheeb, Wekiro and 
it  one of the potential production areas in Eritrea, which is located in the Northern Red 
Se administrative region of the country and is found at about 30-60 kms north of 
sawa (FAO, 1994). It is part of the semi-desert agro-ecological zone with dry and very 
climate. It receives an annual rainfall of less than 200mm per year. The rainfall is not 
icient for arable crop production
ba ed on spate irrigation in which the seasonal floods are diverted to the agricultural 
s. The soils of the area are coarse textured with sandy, loamy sand and sandy loam 
ure. The soils are mostly alkaline outside the irrigated areas 
m ter whereas in the irrigated fields alluvial deposits brought by the seasonal streams 
fl ing from the highlands dominate the soil (Bojo, 1995). 
The seasonal rivers originate from the highlands of the Eastern Escarpment with wadis 
h as Wadi-Laba, Mai-Ule and Wekiro. These wadis are lined with riverine vegetation
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T  first two wadis are the source of spate irrigation in Sheeb and the latter in Wekiro. 
T  water source in Wodilo instead originates from the hills in the vicinity of the village. 
 government has recently introduced irrigated agriculture where it started 
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constructing soil and water conservation structures to exploit the surrounding 
a t to 
stem. 
udy were to: 
io  
vegetation and soils, 
ifferent components of the farming system in terms of livestock and 
ajor farming systems constraints and socio-economic 
tudy. In 
e representatives of the local administration and the Ministry of 
  
ussions and were also involved in data gathering. The elders contributed substantial 
were 
ib, Dge, Tiluk, Bises, 
al 
el 
a   r  
seasonal calendar, crop and livestock husbandry, gender issues, trend line, vegetation 
management, identification of problems, opportunities and solutions. The questionnaire 
was used to gather information on quantitative data at household level. Direct field 
observations were made, together with the farmers to describe the overall environmental 
setting. 
  
Results and discussion 
Socio-economic conditions 
The trend line on population showed that there was an increase between 1960 and 1975 
but declined between 1975and 1988 mainly due to the war of liberation, which forced 
people to migrate to nearby towns and neighbouring countries to seek refuge. The 
population increased after 1991 due to returnees from nearby towns, which resulted in 
the shortage of agricultural lands with spate irrigation, drinking water, school and medical 
facilities. The farmers have tried to address some of these issues by building temporary 
classrooms made out of grass and wood and by digging well to solve the water problem.  
 
During the Italian and the British colonial administrations (1890-1940), individual land 
holdings were confiscated in favour of commercial agriculture. Accordingly, all the 
lowlands of Eritrea including the coastal areas were declared state lands (Mesghina, 
1988). In spite of this, however, farmers maintained their traditional grazing areas. The 
catchment areas for water harvesting.  
 
Subsequent to planning and implementing rese rch activities, it is very importan
identify the production constraints and opportunities under spate irrigation sy
Therefore the objectives of this st
− describe and understand the b -physical environment, particularly, the natural
− understand the d
crop production, and  
− identify and prioritise the m
conditions. 
Methodology 
The research team was multi-disciplinary to cover all aspects of the s
collaboration with th
Agriculture (MoA), 10-15 knowledgeable contact farmers were identified from each 
village. These farmers, which comprised of different age groups, participated in all the
disc
information on the historical profile of their respective areas. Three village areas 
taken from Sheeb sub-zone as focal points for the survey. These areas are Sheeb, Wekiro 
and Wodilo. Sheeb is composed of the following villages: Mensh
90 
Dumnet Dge and Sheeb Ketin. In this study, data was gathered at three levels: Rapid Rur
Appraisal (RRA) (Franzel, 1992; Adugna et al., 1995), questionnaire at household lev
and direct field observation. RRA w s used to gathe  information at village level like
 population was nomadic pastoralist that wandered in the coastal areas. Land holding had
not been a serious issue, as such, until the introduction of spate irrigation syste
 
m. Thus 
there was no scarcity of land before 1980 and 1 ha (4 tsimdi) of land is allocated to a 
e also 
is through village committees each composed 
of 3 people 
hose responsibility is to identify people entitled for land. Family members carry out the 
l land management themselves while the streams, wells, and the land around 
own in Table 17 with some 
der related activities in the study area 
married person and 0.5 ha (2 tsimdi) to a single. Above 18 years old females ar
entitled to 0.5 ha of land. Land distribution 
of 12 people. A village committee forms a screening committee composed 
w
individua
settlement areas are owned communally and managed by the village council. 
 
Married women do not fetch water; girls and boys participate in all activities until their 
marriage. Widows or divorced women get help from their relatives except on occasion 
where they also go for hired work. The women recall that during the Ethiopian regime the 
men were forced to take their wives to the field so that they help in the farming activities. 
Apparently this did not change the situation, as this is not part of their culture. Married 
women are limited to domestic activities. The confinement in the house of the individuals 
has its own problems and is by no means less work. The women even have a difficult task 
at home, if they do not work, in the fields. The domestic work is quite demanding and 
takes a lot of their time and energy. They work long hours to cater for their family. They 
have to grind flour for their meals, as there are no grinding mills in the area. There is a 
general tendency to prefer male children compared to females for reasons such as 
helping the family in labour, herding, in generating income, and as security in old age. 
Among the respondents there were considerable percentages who said were sending their 
male children only to school. In the area polygamy is practiced depending on how wealthy 
he man is. The role of gender in agricultural activity is sht
variation among the villages. 
 
Table 17  Gen
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Sheeb 
and 
Wekiro 
             
Women x x √ √ x x x √ √ √ x x x 
Girls x x x x √ √ √ √ √ √ x x x 
Men √ √ √ √ √ √ √ √ √ x √ √ √ 
Boys √ √ √ √ √ √ √ √ √ x √ √ √ 
Wodilo              
Women x x x √ √ √ x √ √ √ x x x 
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Girls √ √ √ √ √ √ √ √ √ √ x x x 
Men √ √ √ √ √ √ √ √ √ x √ √ √ 
Boys √ √ √ √ √ √ √ √ √ x √ √ √ 
x  Do not participate  √  Participate (rarely above the age of 18) 
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Vegetation types  
ostly the area is barren with semM i-desert annual grassland and dwarf shrubs. 
 nilotica and Saueda monoica. Outside the 
vuln ter erosion. Major factors for deforestation are drought (34.7%), 
oo
Tab bs and their use in the study area 
Occasionally stunted deciduous bush land and some perennial woodland along Wadis and 
major drainage channels are common. Commonly encountered trees and shrubs are listed 
in Table 18. As the area is sparsely populated, sites around spate-irrigated fields are still 
occupied by evergreen trees including Tamarix
spate-irrigated fields however, the vegetation cover is very low and hence the soil is 
erable to wind and wa
w dcutting for fuel (25.7%) and the construction of agim (21.3%). 
 
le 18 Major trees and shru
                                                                                                       Uses    
Local name Scientific Name  Habit Construction Fuel Agim Browse Medicinal 
Chea Acacia ehrenbergiana T √ √ √   
Kedad Acacia mellifera S  √ √   
Gemrot Acacia oerofota S  √ √ √  
Akba Keih Acacia seyal T √ √ √   
Akba Acacia tortilis T √ √ √   
Kog Balanites aegyptica T √ √ √ √  
Asten Cadaba farinosa S    √  
Gindae Calotropis procera S  √  √  
Serob Capparis decidua S  √  √ √ 
Adai Salvadora persica T √ √  √  
Hichum Suaeda monoica T √ √ √   
Ubel Tamarix nilotica T √ √ √   
Ksla Ziziyphus spinachristi T √ √ √ √ √ 
T= tree       S=shrub  
 
rigationIr  water management 
s mean annual rainfall of 200 mm,which is not enough for crops as 
 without suplementary irrigation. To cope with this problem, 
farmers have ad o, a traditional irrigation system locally known as  
 this, 
e vegetation in the area is completely cleared and farmers collect the necessary 
The study area receive
well as  forage production
opted, a century ag
Gerif  (spate irrigation system). This system works as follows: the flood water from the 
rivers of Wadi Laba and Ule in Sheeb area, and the Wokiro River in Wokiro are diverted 
using agim. An Agim is a divertion canal, which is  constructed using locally available 
materials such as branches of trees, shrubs, stones and soil.  
 
This temporary structure, however, is frequently broken by floods and farmers are 
obliged to reconstruct it several times during the crop production season. Because of
th
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materials from distant areas. Once the irrigation water is diverted through the main canal, 
it is further re-distributed through secondary and teritiary canals, locally known as ’Mesga’. 
During periods of drought, the distribution of  of water in the farms is not uniform and as a 
 result of this,  farms located in the upstream near the main canal get more water compared to 
downstream farms. On the other hand, when the frequency of floods increase, farmers face 
frequent damage of  canals in the upstream with severe erosion and gully formation. In this 
study, farmers emphasized the need for government intervention for the  construction of 
permanent diversion structure using concrete. This will not only reduce the deforestation rate 
but also would enable farmers to get water under controlled conditions. 
 
Crop Production 
he principal cereals in the study area are sorghum, maize and pearl millet. ST orghum and 
m late November to early December. In Wodilo, sorghum is 
her in September or from late November to 
cem able 9). Mos s use r o  seed for ting, which is 
her pur hased from the market r frie s w  ha the ui e ype for 
planting rm als ep d f w k pl g.
 
nting met t crops.  is, a row planting me
a wood  bar s attached to the plough and s d dr ped  row ing. 
planted in this manner are sorghum, maize and groundnuts. Angesh is a planting 
here wider holes are made us  ho with s ing  
ed earl millet and watermelon are planted in this manner. In Sulukat, holes are made 
 s s and seed re dropped in the hole. arl t i lanted in t  wa Ni ih, 
venly broadcasted over the entire fi d. Sesame crop that is planted in this 
od he s y in e at e o e f ers apply inorganic fert ers. e re on 
e soi is alluvial an Organic manure  also ot a lied ecaus  the 
ink that it brings ct infestat  wit c  such as P nod
er se s ilar din ate r s hu nd maize ranging from 24 to 40 kg/ha. 
millet, watermelon and tomato have a se ng rate that ranges from 4 to 20 kg/ha. 
ee g rate for crops like sorghu and arl let  mo  tha he imu in 
rgence, and provide adequate 
rop stands and adequate fodder. 
pearl millet, which are drought tolerant, grow on residual moisture and maize is grown 
when there are enough floods. Sorghum and pearl millet occupy the largest total area 
cultivated with 51 and 58% of the area, respectively. The overall grower’s mean area in the 
three villages is sorghum (2 ha), Maize (0.93 ha) and pearl millet (0.76 ha). These cereals 
are used to make various types of traditional dishes. Moreover, beans, tomato, okra, and 
pepper are used to prepare sauce with sesame as a source of oil. The staple food in this 
area is sorghum and the average consumption per person is about 20 kg per month.  
 
Ploughing is mainly performed using oxen, camels and in some instances donkeys and 
cows. Sorghum is planted with minimum tillage that is direct seeding after one time 
ploughing and then covering the seed with second ploughing. Seedbed preparation starts in 
April with the maintenance of diversion structures and bunds done by the help of oxen 
drawn scooping tools. Burying enormous amount of tree branches further enforces the 
diversion structures. The work is done manually each year, as machinery to be used for this 
purpose is not available. Sorghum is planted earlier in September as compared to other 
crops and thinning takes place in November. Maize is planted whenever there is enough 
ater for irrigation mainly frow
planted in December and maize is planted eit
arly De ber (T 1 t of the farmere
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The s
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 pedin m mil are re n t opt m 
the three villages. This is in order to ensure proper eme
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Table 19 Cropping calendar in Sheeb sub-zone 
Crop J F M A M J J A S O N D 
Sorghum HH  SS SS SS II II PP PP   HH 
Maize  HH HH SS SS SS II II II PP PP PP 
Pearl millet  PP  PP  II II II     
Groundnuts HH HH SS SS      PP   
Watermelon  HH HH       PP   
SS- Seed bed preparation; PP- Planting; HH- Harvesting; II- Irrigation 
 
Various ypes of land races or gen types of different t o crop species have been used for 
g and early with a certain 
tance t coura rme ro
aracters. Those lan s that have
cters  oug susceptibility) need to be improved through 
ng p andra eri (whi eeded, tall, high yielding) 
ra ( all, low yiel ing and suitable for a al feed aize has three 
 dilibab (m ture  white an lack s ed, high yieldin  early), 
 (white gh yielding, susceptible to drought) and Tenish (red seeded, 
, ear ng, drou t to Sesa es- Tselim (dark 
ed, ear Lem o  seeded, hi eldin arly, hi market emand) 
 (b d typ  with thick co  not acceptable oil quality).
leave  parasitic weeds are co on in he stud rea. T most 
(Cyanodo ). The proportion of farmers using higher 
ng ra trol asu s small (6.5%). The use of higher seeding rate for 
ont equen  terms of decreasing yield. Han eeding usually 
 4 w ting f ma  and sorghum, whereas in pearl millet, tomato, 
 and watermelon is 1-2 we planting. I is area e most important insects 
stem borer and locust. 
 the type of crop used. Sorghum is harvested in December, 
and maize from late February to March. Harvesting of pearl millet takes place in February 
d grain can be harvested if 
e moisture level is adequate. After the second or third ratooning, if the moisture level is 
many years. Some of the varieties used are dwarf, high yieldin
degree of 
landraces with useful 
drought resis
ch
. It is important 
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o en ge fa
 deficiency in
rs to g
 some of 
w those 
the 
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and Du brown seeded, t d nim ). M
landraces namely We ix  of d b eed g,
Tsada
dwarf
 seeded, hi
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seed ly, low yielding), us (br wn gh yi g, e gh d
and Gera rown seeded, re e, round ver,  
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Harvesting time varies with
whereas groundnuts are picked between late March and early April. In general, majority of 
the farmers (63.4%) perform threshing 2 to 3 weeks after harvest so that the crop loses 
moisture. Few farmers (16%) do threshing immediately after harvest if the grain is fully 
dried. Ratooning is a common practice for sorghum in which the stem of sorghum is cut 
at ground level after the first planted crop reaches maturity. The plant regenerates again 
and a second harvest of the crop is possible even though the yield is not as high as the 
first crop. Ratooning for the second time is also possible an
th
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not adequate, the plant is cut and used as feed for livestock. The cost of seed is reduced 
as planting is done once, labour is saved and the number of days taken to maturity is also 
reduced. The yield of sorghum ranges from 0.8 to 2.8 t/ha with a mean yield of 2.0 t/ha. 
Maize yield in good years is estimated at 1.2 t/ha and in poor years at 0.4 t/ha with a 
mean yield of 0.8 t/ha. 
  
 Livestock production 
Livestock is an integral component of the spate-irrigated production system. Results of 
the survey indicated that 85% of the respondents own livestock. The major livestock are 
cattle, sheep, goats, camels and donkeys with few poultry in Wekiro and Sheeb. Camels 
and goats make up the majority of livestock in Wodilo. The indigenous livestock and their 
haracteristics are shown in Table 20. The sources of livestock feedc
d
 are green chop and 
ttle. Goats and camels browse at the riverine areas and foothills. Grains 
eys as supplementary feed. 
.5%). 
he main constraints in livestock production in this area are feed shortage (26%), drought 
ry stover for ca
are given to donk
 
The major livestock diseases are ecto- and endo-parasites, trypanosomiasis, mange, 
sheep pox and pasteurellosis. The main control measure is annual vaccination. Some 
farmers and pastoralists practice traditional medicine using herbs. They complain that 
there are shortages of supply of drugs and inadequate veterinary services. 
 
The strategies implemented at times of feed shortages are moving animals to other areas  
(53.6%), reducing the quantity of livestock (9.3%) and purchasing additional feed (32
T
(22.3%), water shortage (17.4%), shortage of grazing areas (15.2%) and animal diseases (13.4%). 
 
Table 20 Major types of livestock and their characteristics as described by the farmers and pastoralists 
Type Landrace Characteristics 
 Arado Small body size, medium sized horns, low in milk production, adapted in 
all areas 
Cattle Begait (Barka) Larger body size, short horned, good meat and milk production, adapted 
to low lands 
 Bahri Large body size, small horns, excellent milk and meat production, 
adapted to lowlands 
 Bahria (Kirchie) Flattened fatty and short tail, high milk yielding (3 lt/day), 2 
lambing/year 
Sheep Tsaeda (Hamadi) Long tailed, tall stature, high milk production, high market demand, low 
feeder 
 Barka(Begait) Tall, long tail, consume large amount of feed, good meat and milk 
production 
 Kaieh Short stature, low in milk, good meat producer 
 Zhe White coloured, reproductive efficiency, preferred for meat, adapted to 
lowlands 
Goat Ware Black coloured, adapted to lowlands 
 Tzaadit Medium sized, high milk yielder, 2-3 lt/day, high market demand 
Donkey Riff All, fast striding, used mainly for human transport mainly found in the 
lowlands 
 Mekadi Shorter than Riff, pack animal, used extensively in the lowlands and 
highlands 
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 Barka Tall and well built, high consumption of feed 
Camel Cheaanit Adopted to move in highlands, medium feeder 
 Geiah(Gerej) Good for milk, high reproductive potential 
 Denkalia Short stature, grey in colour 
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Farmers constraints and possible interventions 
n  area are low moisture, food shortage 
f an l f ds. The are ce  less than 200 mm of rainfall, which is ver
p prod ction  ta  this problem farmers use spate irrigation by diverting the 
ei nstraints in agricultural production and a 
lu dressed  re arch and g ernm nt are given in Table 21
le solut on in t stud reas 
The main agricultural productio
and lack o
 constraints 
a re
of the
ima ee ives  y low 
for cro u . To ckle
rivers to th r farm. A summary of the major co
possible so tion to be ad  by se ov e . 
 
Table 21 Production constraints, coping mechanism and their possib i he y a
Problem Cause Coping strategies Opportunities 
Drought Low rainfall Spate irrigation Develop a permanent 
diversion of the rivers 
with their secondary 
canals  
Animal feed lack of rainfall migration of animals and 
purchase of feed 
cut & carry system; 
production of fodder 
Deforestation agriculture, construction, 
drought, fuel wood,agim 
purchase of wood for 
construction 
Grow multipurpose trees 
& shrubs 
Lack of domestic energy deforestation kerosene for light introduction of kerosene; 
planting trees 
Decline of crop 
production  
lack of improved seeds, 
lack of draft; pests, 
drought, weeds; lack of 
implements 
Borrow seeds, hire oxen credit system, machinery 
centre (tractors), 
sustainable diversion 
canal construction   
Decli e of livestock n
population 
lack of feed, diseases, 
war   
cut and carry system develop ranches, spate 
irrigation, delineation of 
grazing area and better 
veterinary services 
 
Conclusion and recommendations 
The food production trends in the area could be improved if a combination of improved 
land management programs would be adopted. In this area, drought and salinity tolerant 
multipurpose trees should be identified and tested in multi-location trials. Tree planting 
s
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hould be promoted at individual household levels. These trees should include exotic and 
indigenous browse and fodder species. Besides, reclamation of degraded lands such as 
eroded gullies, sand dunes, and marginal lands should be initiated through construction 
of mechanical structures and planting trees. Introduction of soil and water management 
practices should be initiated based on the existing socio-economic and ecological setting 
of the area.  
 
The area receives very low amout of rainfall which is not enough for crop and forage 
production. Because of this, the exisiting traditional irrigation system (gerif) need to be 
improved in various ways.To avoid frequent breakage of the main diversion canal as well 
as the secondary and teritiary canals, there is dire need for the construction of efficient 
permanent strutures using concrete. Furthermore, to ensure uniform distribution of water 
and silt at the farm level, further technical intervation is required to control the flow of 
water btewwn the upstrem and low stream farms. This would require the intervention of 
the government to assist the farmers for the constrution of the diversion. 
 
 It is very important to convince farmers so that they increase the area allotted for cash 
ontinue in the 
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crops mainly horticultural crops. Effective means of transfer of technology (research and 
extension linkage) should be implemented in the area. Training in home economics, land 
management be given to farmers periodically. Emphasis should be given to the 
conservation and efficient utilisation of water resources. Focus should be given to spate 
irrigation and runoff harvesting not only for crop production but also to improve the 
quality of browse to the pastoral communities. Women are not engaged in income 
generating activities. They should be trained in weaving mats, making baskets, fishing 
ets and home.  n
 
Community veterinarians could play a role in disease control of livestock in the area upon 
intensive training. They can be paid certain % for the services rendered. 
 
pecialised surveys on specific disciplines that need more attention could cS
sub zone. For example studies on specific crops, specific crop management practices, 
type of livestock or vegetation types, spate irrigation, soil management etc. could be 
done.  
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Irrigation Development in Eritrea 
Downstream irrigation development of horticultural crops on selected 
dams: Socio-economic baseline survey 
Asghedom Tewolde and Fetsumberhan Ghebreyohannes 
Central Highlands Irrigated Horticulture Development Project, MoA, P.O. Box 1048,  
Asmara, Eritrea. E-mail: asghedom@tse.com.er
 
Abstract 
This paper deals wi  study undert entral rrigation 
ment Project ( oA, on 30 : Debub ba. 
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Key words: dams, downstream irrigation, Eritrea, horticulture 
roductive years. The Government of Eritrea is making a substantial effort to 
ommunity based 
rganisations to manage and administer the infrastructure to benefit the community.  
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Introduction 
Eritrea is a country in Northeast Africa bordering the Red Sea in the east, Djibouti and 
Ethiopia in the south, and The Sudan in the north and west. Eritrea is a relatively small 
country, which covers a total area of 124,324 km2. It has six agro-ecological zones based 
on agro-climate and soil parameters (FAO, 1994). Agriculture is the most dominant sector 
of the economy and employs more than 80% of the population. But its production has not 
been able to cover internal food demand in recent years. At present, most farmers cannot 
produce enough food to meet minimum nutritional requirements mainly because of the 
poor performance of the rainfed agriculture. The scarce and unpredictable rainfall has been 
the main problem for food crop production. The country is not self sufficient in food, even 
in the most p
secure production against the vagaries of climate. One of the strategies is the construction 
of small-scale water harvesting infrastructures, irrigation and drainage systems using 
rainfall, runoff, small streams and ground water development.  
 
During the last four decades, the MoA and various NGOs in collaboration with the communities have 
built more than 190 micro-dams. Ninety five percent of these dams are located within the central 
highland zone. The extent of irrigation on downstream side is insignificant compared to the number 
of dams and the aggregate volume of stored water. It is also rare to see direct irrigation from 
reservoirs either due to the inexistence of direct outlet facilities or lack of c
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 The aim of the study is to assess and document the socio-economic conditions related to 
the existing production systems, to set up a number of quantitative and qualitative 
indicators for measuring future changes due to the intervention of the project, and to 
critically look on the farmers’ perception about such dams. Therefore, this paper, reports 
the findings of the study undertaken by the CHIHDP, MoA, on 30 dams from zoba Debub, 
Maekel and Anseba. The details of the selected dams for this study are given in Table 22. 
 
Table 22 Reservoir capacity, inflow and available irrigation water of the selected dams 
Dam Name RSC (m3) EIF (m3) AWFI (m3) ICR (ha) AIL (ha) 
Adesfeda 233,000 240,537 138,560 15.6/11.7 16.1
Adi Keshi 222,000 51,000 19,086 2.6/1.7 6.8
Adi  Nfas 1,070,000 443,784 356,135 43.2/35.5 11.8
Adi Sherefeto 44,100 74,750 23,331 2.9/2.1 11.5
Adi Shmagele 308,000 269,450 234,721 28.3/23.3 26.4
Adi Bahro 135,800 105,235 64,860 7.7/5.4 28.4
Ade Kolom 160,000 112,136 63,304 7.1/5.5 7.8
Afelba 53,700 60,480 24,509 3/2.4 20.5
Ametsi 49,785 68,382 22,255 2.5/1.9 11.2
Bihat 125,000 207,060 - - -
Chefa 737,340 280,500 214,169 24.5/16.7 89.0
Dekitsena 290,389 164,441 21,214 2.6/1.9 29.3
Durko 382,000 329,940 236,975 28.5/23.4 31.2
Embaderho 307,000 126,846 52,300 5.9/4.5 14.9
Adibagie 252,494 698,292 197,663 22.6/15.4 53.6
Gorbaiti 388,700 140,679 107,554 13.2/9.5 12.6
Harnet 1,316,972 1,038,700 826,405 99.7/81.9 40.0
Hawatsu 79,300 355,453 39,545 5.6/3.1 7.7
Himbirti Gomino 191,000 142,629 109,218 14.8/9.5 36.0
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Himbirti Sheka 187,169 126,846 117,310 15.9/10.2 14.6
Kertse Kemte 316,915 185,976 159,141 21.5/12.6 12.4
Kodadu 1,269,923 80,388 48,118 6.5/4.2 6.0
Laguen 130,152 438,480 47,924 6.5/4.2 7.1
Maereba 24,283 157,920 62,966 7.6/6.3 35.6
Maereda 67,000 476,238 27,668 3.9/2.2 28.2
Shimangus Lailay 297,000 265,144 185,573 20.8/16 21.0
Shimangus Tahtay 84,000 369,944 42,226 4.7/3.6 7.0
Taereshi 145,000 318,592 94,445 10.6/8.1 5.3
Tseazega 290,822 1,546,738 166,873 18.8/14.1 27.3
Wara 106,826 69,462 27,392 3.8/2.9 2.6 
Source: AFWEL and Yohannes (2003).Key: RSC- Reservoir Storage Capacity; EIF- Expected Inflow; AWFI- 
Available Water for Irrigation; ICR- Irrigation Capacity of Reservoir (figures separated with slash indicate  
2 productions/year); AIL- Available Irrigable land 
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Materials and methods 
In conducting the baseline survey various comparative data collection methods including 
 ary data, demographic census, 
ucted 
social 
ns of smallholder farmers regarding the 
he selected villages. All available secondary data sources, that are appropriate to 
, have been reviewed and were used to derive relevant data from previous 
mi-structured 
uestionnaire in the respective selected sites. Topics covered during the discussion 
characteristics, crop and 
egetable production, food security issues, livestock production, land use pattern, 
programs, nutrition, dam and down stream 
nity (COM) (Table 23). The 
participatory rural appraisal (PRA) techniques, second
interview with the farmers, and group discussion with the villagers have been cond
ntitative and qualitative methods of (Soenkel, 1995). The study employed both qua
nquiry and focused particularly on the perceptioi
dams in t
the study
studies. As no population census has been undertaken in Eritrea, a house-to-house 
population survey with the help of structured questionnaire was employed to assess the 
exact population in the selected dam sites. Questionnaires were designed to acquire 
information on size and head of household, educational level of members, their general 
status and the number of livestock they own.  
 
PRA tools, such as village mapping and direct matrix problem ranking based on Nebasa et 
al., (1995) were considered during the baseline study. The participatory village mapping 
helped to build up an ‘entry point activity’ to establish rapport between the survey team 
and the local population. This produced information on rainfed and irrigated crop 
production and food security related problems and has explored the opinions and 
insights of the participants. The direct matrix problem ranking was used to instantly 
determine and prioritise the main problems of the study area. In addition, six to eight 
people were brought together for focus group discussions using se
q
include: general background information, demographic 
v
community participation in development 
situation and development of agricultural wells.  
 
The major data of this study were collected from individual interviews using semi-
structured questionnaire. For each site, 30 individual farmers were interviewed and a total 
of 900 farmers contributed their opinion to the study. This generated quantitative data on 
household characteristics, vegetable and crop production, livestock production, food 
security situation, health, nutrition, water supply, household income and expenditure.  
 
Results and discussion 
Historical perspective of the dams 
Out of the thirty dams selected for the study, 15 were constructed by the MoA, 9 by the 
Lutheran World Federation (LWF), 4 by the Relief and Rehabilitation Commission (RRC), 1 
y the Eritrean Catholic Society (ECS), and 1 by the commub
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dams that were built before independence (1991) were small and less than 8 m high. The 
construction was mainly labour intensive and payment was effected by ‘Food for Work 
Program’. After independence, however, construction of the dams involved machinery and 
the height increased up to 20 m. Payment during this time was through ‘Cash for Work 
Program’.  
 
 Except for few, the dams constructed before independence were built with the idea of 
enhancing groundwater recharge downstream, as major soil and water conservation 
structures and as livestock water point. After independence the construction of the dams 
mainly aimed at downstream irrigation development purposes. 
 
Table 23 Dams constructed by different agencies between 1961-1997 
Institution Dam Site Year of 
Construction 
Institution Dam Site Constructed in 
MoA Adi Nfas 1995 LWF Cheffa 1988 
 Bihat 1993  Adibagie 1984 
 Kertse Kemte 1994  Adi Bahro 1987 
 Gorbaiti 1996  Taereshi 1988 
  (Adi Absha) 1995  Tseazega 1988 
 Adi Shmagele 1996  Embaderho 1991 
 Kodadu 1994  Afelba 1996 
 Wara 1996  Dekitsena 1997 
 Hawatsu 1983  Shimangus-T 1992 
 Maereda 1983 RRC Durko 1985 
 Adi Sherefeto  1962  Adi Kolom 1989 
 Shimanugus-L 1985  Himbirti-G 1987 
 Adesfeda 1985  Adi Keshi 1990 
 Himbirti-S 1984 ECS Ametsi 1986 
 Laguen 1987 COM Maereba 1961 
Source: AFWEL and Yohanne
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downstream are small size of the land holding, land tenure system, and lack of irrigatio
know-how. 
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Socio-economic profile of the dam sites 
hemselves for about two to three 
onths during bad years. In good years the households cannot feed themselves for more 
ouseholds in all the sites studied except in Wara village acquire land through Diesa 
of 
harecropping, which represents a contract between two people - a landowner and an 
ed on crop sharing agreement rather than renting the land. Most 
amily labour for farming. Those who can afford also hire 
ge acquires land through patrilineal inheritance (Tslmi) 
secondary schools. They have to walk to nearby villages or to schools in the 
ub-zoba, zoba or Asmara to study. Dropping out of schools and low attendance of 
classes were mentioned as main problems in most of the villages. 
The semi-structured interviews in the 30 dams studied disclosed some interesting 
contrasts. Agriculture in all sites is based on rainfed crop production and livestock 
rearing. Irrigation is a common practice in the three zobas where the dams are located 
but almost 80 to 90 percent of the irrigation is done from existing wells. Farmers practice 
irrigation from dams or base flows in only few areas. The most common type of irrigation 
method practiced by small-scale farmers in the sites is surface irrigation (furrow and border).  
 
Farming incomes are low and the average cultivated area per household ranges between 
0.5 and 1 ha for cereal production and between 0.005 and 1 ha for growing vegetables. 
Yields are extremely low due to factors like drought, falling water table, poor seed 
quality, shortage of labour and incidence of pests and diseases. Discussions with the 
farmers revealed that most households could only feed t
m
than 7 months. The survey showed that food shortage in the study area is covered by sale 
of livestock, wage labour, provision of food aid, participating in ‘cash for work’ activities, 
assistance from friends/neighbours/relatives, and through credit.  
 
The income and expenditure analysis showed that in most villages the primary source of 
income for rich and middle level households is from sale of agricultural produce followed 
by sale of livestock and livestock products, wage labour, and remittance. The main source 
of income for the poor category is from wage labour, followed by sale of crop produce, 
remittance, sale of livestock, food aid and participating in ‘cash for work’ activities. A 
considerable share of yearly average income is spent on purchase of grain for food and 
essential consumption items like sugar, coffee, tealeaves, etc. Besides, relatively small share of 
the income is spent for cooking items, education, clothes, government tax and medication.  
 
H
system (a communal form of land tenure where people have the right to cultivate the 
land, but do not own it). In Diesa system, a committee of elders selected by the Baito 
(village assembly), distributes the land. Arable land is distributed equally to households 
every seven years at village level. The farmers can also obtain additional farmland 
through a variety of tenancy arrangements known as Nblhot. Nblhot is a form 
s
ox-owner, usually bas
households rely on the available f
labour from the village. Wara villa
where land is inherited from parents. 
 
The survey confirmed that in almost all the selected dam sites social services are scarce, 
and health and education facilities are very poor. Since most of the sites do not have 
health centres, or hospitals farmers have to walk long distances to their respective zoba 
hospitals or to Asmara to seek medical services. Large number of the community goes to 
rural pharmacy or uses traditional medication. Similarly, most of the villages do not have 
middle and 
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 Farming problem and opportunities 
Several problems hampering horticultural production under downstream irrigation 
schemes were mentioned in each dam site. The ranking of the problems in most villages 
re: silt and seepage of dams, lack of infrastructure (primara
e
y and secondary canals), 
f dequate agricultural inputs 
c fre of pla  
 smal f the , land tenure system and difficulties in the 
ation of w
he farmers ha ggested some intervention measures in the following crucial issues in 
e downstream re , water use manageme k of w g force. 
he Diesa system, where peo ve the rig t to cultivate ot privately own the 
nd, operates as a disincentive. Periodic or regular redist  not encourage 
ng-term inv  s the shift from sub rming to modern 
ntation  the rather sma
arcels does n e farmers to produce enough food. W se mana t under 
e downstream of the dam sites for irrigation development probl he point 
 that no one ally b  from irrigation. Those, se e water 
ources, derive more benefits from irrigation  those fa  
water illegally for own use and inefficient 
 structures have a negative effect for irrigation devel The 
stablishment m ism for w ter users is h ed i respect. 
ost of the working force at nt is dep  
eak periods o tural ties, such land level d preparation, raising 
eedlings and nting, ting and ge are ad ffected in irrigation 
. Farmers recommended the return of some of the 
ice. These are the most crucial problems that need to be 
ddressed and solved directly by the intervention of relevant government offices. 
a
y. Individual farmers or 
ouseholds can address problems like pest and disease control, and maintaining soil 
rosion rom the upper catchments, lack of labour, ina
 see ers a mi als), g (improved
diseases,
d, fertiliz
l size o
nd che
land holding
 increasin quency nt pests and
utiliz ater. 
 
T ve su
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T ple ha h but do n
la  ribution does
lo
agriculture. Furthermore,
estments and
 the fragme
hamper sistence fa
ll farms into even smaller of
p ot enabl ater u gemen
th  is also a em. T
is  can equ enefit  who are clo  to th
s  than r from it. Farmers in most of
the villages have stated that 
management
diverting 
opment. 
e of regulatory echan a ighly requir n this 
M prese loyed in the military service. Consequently,
p f horticul activi  as, ling an
s transpla harves stora versely a
development in the downstream
working force from military serv
a
 
Most of the opportunities proposed by the farmers call for the support of the government 
and/or NGOs. These include provision of agricultural inputs (e.g. improved seeds, 
fertilizers, motor pumps, farm tools, etc.) t reasonable price; construction of soil 
conservation structures, dam rehabilitation, and introduction of credit schemes with fair 
interest rates. These problems need collective action that involves all stakeholders - 
government, multilateral organisations, NGOs, and the communit
h
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fertility in their fields provided that they have access to appropriate information and 
knowledge.
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Farmers’ opinions and perceptions of the dams  
s 
 result, unequal access to irrigation water and conflicts over the inequitable distribution 
The data collected from the focus group discussions showed that some of the ideas for 
dam construction were initiated by the village(s) and with full participation of the 
community. Since the community basically took this initiative, the irrigation practices in 
the downstream were successful and cooperation among and within the villages was 
smooth. There were also cases where most of the idea for dam construction was initiated 
from the side of the developers without the participation and interest of the end users. A
a
of benefits arose between upstream and downstream farmers/villages. This has 
negatively affected the agricultural production and productivity as well as the livelihoods 
of the farming communities in these areas. The following boxes briefly explain some case 
studies of some of the dams. 
 
Box 1: Harnet Dam (Adi Absha) 
Adi Absha is a village located about 30 km west of Emni Haili and the dam is located 2 km west of the 
village. The focus group discussions verified that the villagers of Adi Absha initiated the construction of 
the dam. A group of experts from the MoA in collaboration with the farmers in the village selected the 
site and the MoA constructed the dam in 1995. Two villages, Adi Absha and Abaebo, are beneficiaries of 
the dam. However, Abaebo has not fully participated in the planning process. Abaebo owns the upstream 
area and about one-third of the reservoir while Adi Absha owns the downstream area and about two third 
of the reservoir. The water is fully utilized by Adi Absha for growing vegetables and for livestock 
consumption. This is a practical example that indicates an inequitable access to water for irrigation 
between the two villages. Abaebo has not yet received tangible benefits. Currently this village is 
requesting support from the government for the construction of a new reservoir and concrete irrigation 
canals in the upstream of the dam for growing vegetables. 
There are a total of 197 beneficiaries in the downstream area. The total estimated irrigable land in the 
downstream is around 120 Tsimdi (30 ha), out of which 52 Tsimdi (13 ha) is under irrigation. Currently, 
the irrigable land under the downstream areas in Adi Absha is categorized into three as proposed by the 
MoA. The first category has around 13 ha, which is rented to 9 individuals; the second consists of 20 ha 
divided among 80 beneficiaries (0.25 ha each), and the third category embodies about 110 ha divided 
among 110 beneficiaries (1 ha each). Beneficiaries under the second and third category obtained the farm 
fields through Diesa system.  
This study confirmed that the land use system practiced under the downstream, which was imposed by 
the MoA, is not to the interest of the community. It was revealed that only few well-off individuals are 
benefiting from the irrigation system and not the community as a whole. This example indicates that even 
within the same village, people do not benefit equally from irrigation. Farmers close to the water source 
are generally in a better position than those far away from it. 
 
Box 2: Afelba Dam  
Afelba is a village located about 8 km southwest of Dekemhare. The dam, which was constructed by LWF 
in 1996, is located 2 km south of the village. The group interviewed confirmed that the idea of the dam 
and its location was totally decided by the LWF. The village wanted to have the dam site at Ruba Daero. 
The villagers confirmed that the expected inflow, the irrigation capacity of the reservoir and the available 
irrigable land (3 ha) are small and cannot accommodate large number of beneficiaries. Currently, ther  is e
no vegetable farm in the downstream and the area is being used for cereal production. During the last 3 
years, the dam was dry. The farmers identified high seepage (farmers’ opinion is that the basement is 
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sandy), and limited silt as the main problems. The group recommended that the only solution is to have 
another dam constructed at Ruba Daero. They believe that this site would accommodate more 
beneficiaries and provide more land for irrigation. This is a practical example of an unsuccessful 
intervention due to lack of proper users’ participation. 
 Box 3: Adi Kolom Dam  
Adi Kolom is a village located about 7 km northwest of Serejeka. The dam, which was constructed by RRC 
in 1989, is located 1 km southeast of the village. The focus group verified that the idea of constructing 
the dam was initiated by the village. However, the site where it is located now was not the choice of the 
community and two reasons were given for this during the discussion. (i) The land for irrigation in the 
downstream, according to the farmers’ understanding, is not adequate (only 0.5 ha), and ii) the capacity 
of the reservoir is very small. Thus, the irrigation intervention by the RRC was not successful. Farmers 
believe that in the upstream there is around 30 ha of land that can potentially be irrigated.  
 
Box 4: Adi Bahro Dam  
Adi Bahro is a village located at about 6 km north of Adi Quala. The dam, which was constructed by LWF 
in 1987, is located 500 meters east of the village. The objectives of building the dam were to provide the 
beneficiaries, most of whom are small-scale farmers, with a better and more varied diet, as well as 
generating income to raise their standards of living. The farmers confirmed that the location of the dam 
and its construction was proposed by the governor of sub-zoba Adi Quala in collaboration with the LWF. 
The choice of the villagers was to construct the dam in the upper part of the site, but the donors did not 
accept this. Four villages namely Adelges, Adi Ghenan, Adi Feyayu and Adi Sela’a, in the downstream 
area, became beneficiaries of the irrigation water. Adi Bahro owns the reservoir (400,000 m3) and the 
upstream resources. However, the village has not yet received tangible benefits. Thus, a conflict arose 
among the villages because of the absence of equitable distribution of water. The objective of developers 
did not take the practices, interdependence, and interrelationship among the villages into consideration. 
 
Conclusion and recommendations 
In general, the results of the study have shown that the socio-economic profiles of the 
villages where the dams are located are poor. The livelihoods of the farmers are based on 
agricultural production. Problems identified to hamper irrigated production include: 
inappropriate land tenure system, mismanagement of water and lack of labour. Yields are 
low mainly due to drought, falling water table, poor seed quality, and incidence of pests 
and diseases. Coping mechanisms to alleviate food shortage is met by sale of livestock, 
sale of labour, provision of food aid, assistance from friends/neighbours/relatives and 
through credit. The nutritional problems investigated in the households were unstable and 
inadequate food supply rather than dietary. The villages are characterized by low endowment 
f social services. Most of the villages do not have health and education services.  
Based on the findings, the following recommendations are proposed for future irrigation 
project interventions. 
− The success of an irrigation project in meeting the required objectives should depend 
not only on technical aspects but also on the social aspects of the end users 
themselves.  
− If the objective is to help farmers benefit from a given intervention, farmers’ 
practices, indigenous knowledge, interdependencies and interrelationships should be 
taken into account. 
o
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The preceding discussions have also shown that the construction of some of the dams 
was initiated by the village(s) and the full participation of the community. There were also 
cases where the donors alone without full participation and choice of the end users 
initiated most of the dams. Unequal access to irrigation water and conflicts over the 
inequitable distribution of benefits arose between upstream and downstream village(s). 
This has negatively affected the agricultural production and productivity and the 
livelihoods of the farming households of the proposed areas. 
 
Irrigation Development in Eritrea 
− In reality, the outcome of any intervention clearly depends upon farmers’ needs and 
 sector review and project identification. Vol. 1(87). 
Department of land resources and crop development, Asmara.  
their participation. The best approach is to find means on how the needs of the 
beneficiaries could be incorporated through their participation to achieve project 
objectives.  
− The study recommends an in-depth research on the pattern of social interaction prior 
to the initiation of an irrigation project, to achieve greater satisfaction and sustained 
cooperation among all groups benefiting from the development project. 
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 Shifting from conventional irrigation to drip irrigation:  
bstract 
 a potential agricultural area for fruit production, especially oranges 
 
rowers in Alla-Gaden was selected by consulting the Ministry of Agriculture, Dekemhare 
wers who never practised drip irrigation, and those who 
 secondary data was sought to support the primary 
 commercial farming in the 
e
tow
frui y orange production. Efforts to boost fruit production is primarily 
n
ever
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that water shortage is the main limiting factor and farmers have adopted different coping 
A socio-economic study of orange growers in Alla-Gaden Basin 
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College of Agriculture, University of Asmara, P. O. Box 1220, Asmara, Eritrea  
 
A
Alla-Gaden basin is
and papaya. Nowadays, however, its potential to supply water is constrained by recurrent 
drought and continuous farming. Despite the acute shortage of water for irrigation, 
farmers in this area are generously irrigating their land with conventional way of irrigation 
that cannot keep pace with the increasingly shrinking capacity of the area to supply water 
for such purposes. Very few of the farmers have tried to practice drip irrigation. The aim 
of this paper is to examine the socio-economic factors and to understand the prospects 
and constraints accompanying the process of shifting to drip irrigation. To address these 
objectives, primary data was collected using a questionnaire and a sample of 30 orange
g
branch. The sample included gro
practised but later quit. In addition,
data. The data was then analysed descriptively to address the research objectives. The 
study showed that the main constraints for the shift are high initial and running costs 
associated with drip irrigation and the system’s incompatibility with the already 
established trees. However, the advantages of the area are the permanent ownership of 
the land, reasonable land size, positive perception, good awareness and consciousness of 
the growers towards the technology and its associated problems.  
 
Key words: Alla-Gaden, drip irrigation, land ownership 
 
Introduction 
Eritrean agriculture is predominantly rainfed where the amount and timing of rainfall is 
not adequate to meet the moisture requirements of most crops. Such chronic failure often 
leads to acute shortage of water for sustained agricultural activities and it has been cited 
as a bottleneck for sustained crop and animal production in the country (MoA, 2002). The 
large dependency of agriculture on rainfall has only aggravated the problem and rainfed 
agriculture provides limited water management options to the farmer than irrigated 
agriculture (Stone and Willis, 1983). Searching for an alternative system of cultivation 
ther than rainfed agriculture entails an implication for futureo
country. Michael (2002) states that irrigation is essential to raise crops in poor rainfall 
areas to meet the needs of food and fibre. 
 
Th  Alla-Gaden basin, located in zoba Debub, sub-zoba Dekemhare 22 km east of the 
n of Dekemhare, is one of the pioneer areas with leading potential for commercial 
ts, particularl
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co strained by the recurrent shortage of water due to poor rainfall which has led to the 
 diminishing underground water which is the chief source of water for irrigation. In a 
ey conducted among Alla-Gaden orange growers, Ghebreab et al., (2003) have shown 
Irrigation Development in Eritrea 
mechanisms to effectively utilise the already scarce water through different water 
agement strategies. As part of this strategy, they practice ways to modify the 
ventional furrow and basin irrigation methods used in the area.  
man
con
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How  particularly 
and semi-arid areas where shortage of water is a common problem. Michael 
ains that in relative terms, furrow irrigation is suitable under conditions that 
lied to the 
the tree. Under such system, th
e
q re 
 Albrigo, 1994). Several studies 
esser 
 
994) state that micro-irrigation uses less water than other forms of 
irrigation without compromising tree growth and yield. Drip irrigation is particularly 
suitable for fruit production. Rice et al., (1990) describe that drip irrigation is expensive 
to install but its maintenance costs are minimal and is more applicable to fruit 
production. In an experiment to show the efficient utilisation of water in drip irrigation, 
Roth et al., (1974) found yields of orange varieties ‘Campbell’ and ‘Valencia’, to be 
comparable to furrow irrigation, yet drip irrigation used only 11% of the water applied 
through furrow irrigation. 
 
Despite the drawbacks of the conventional irrigation and the clear merits of drip irrigation 
vis-à-vis the continually deteriorating underground water, Alla-Gaden orange growers 
continue to use the former to irrigate their orchard. This study aims at examining the 
socio-economic factors in order to understand the prospects and constraints 
accompanying the process of shifting to drip irrigation. Moreover, it assesses the factors 
that may explain why the farmers continue to use furrow irrigation. 
 
Materials and methods 
Primary data was collected by a structured questionnaire that included open and closed-
ended questions on personal information of the respondents, the characteristics of their 
farm and their perception on drip irrigation. A sample of 30 orange growers from Alla-
Gaden was selected by consulting the MoA, Dekemhare branch. The sample included 
growers who never practised drip irrigation, and who practised but quit it. In addition, 
secondary data was sought to support the primary data. The data was then analysed 
descriptively to address the research objectives. 
Su ace irrigation via furrows or floods has long been used in many citrus growing 
re ons in the world. Its relatively easy operation and demand on low capital and high 
lability of labour has made it a choice among subsistence and small-scale farmers. 
ever, its uneconomical use of water has called for its critical evaluation
under arid 
(2002) expl
render abundant rainfall and where water is less expensive. 
 
An alternative to surface irrigation is drip irrigation where water is directly supp
root zone of e growing tree economically utilises water by 
eliminating some of the possible forms of water losses. It provides an fficient method of 
supplying water to the tree on regular and consistent basis though they re uire mo
intensive management and capital than others (Davies and
108 
have clearly demonstrated that it is possible to produce comparable yields by using l
amount of water through drip rather than through furrow or sprinkler irrigation. Davies
and Albrigo (1
 Results and discussion 
With the prevailing labour shortage, both the wife and husband make up the labour force 
t production, particularly orange growing, 
pper, coffee 
hese crops, 
 depends on the availability of water to minimise possible competition with the 
. Few of them rear dairy animals for milk production. 
ction in the area. 
ponds to supplement irrigation is 
n through the use of canals and 
e most common one. Water flowing through the long canals is directed 
small holes (basins) around the tree where it is utilized. This is virtually the 
ers are using this practice to cut some of the 
ater losses. This modified irrigation system has greatly reduced the possible forms of 
required to run the enterprise. Although frui
dominates the farming activities in the study area, other crops like tomato, pe
tc. are also grown in small-scale mostly to fetch cash. The production of te
however,
fruit trees
 
The size of land holdings of the interviewed farmers ranges from 1 to 13 ha where the 
land is under permanent ownership under the land tenure system locally known as 
Kahmahise or ‘Land of Brothers’. The geography of the area is dominated by plane 
topography with some land in a very gentle slope. Soil is conceived as good by all 
interviewees and according to them, it is in the range of sandy loam to loam. 
 
All the interviewed farmers mentioned water scarcity to be the most critical limiting factor 
for increased production. Other constraints include diseases, pests and scarce labour. 
The failure of rainfall coupled with growing competition has led to acute shortage of 
water for irrigation. Over the years, availability of water for irrigation is becoming more 
problematic than ever before. Thus farmers embarked on digging more and very deep 
wells ranging between 17 and 46 m to ensure steady water supply. However, the situation 
is marked by low water supply, which does not generally go beyond two hours per day. 
The incidence of more unsuccessful wells is a common feature in the area. 
 
Present irrigation system 
uring the dry season, irrigation is seen as a way to guarantee produD
Rainfed agriculture through the establishment of small 
lso practiced during the rainy period. Surface irrigatioa
basins is th
towards the 
only irrigation system practiced in the area. According to the farmers interviewed, this 
system is characterized by high water loss owing to several factors like evapo-
transpiration, seepage, and deep percolation. It greatly encourages weed growth along 
the canals and around the orchards, which would aggravate the water scarcity through 
competition.  
 
In order to minimize the water loss in the canals, farmers use narrow and concrete canals 
instead of broad and earth bunds, which calls for continuous cleaning. This practice has 
not helped much, so they have employed a different strategy, which uses mobile pipes 
instead of canals. Sixty percent of the farm
w
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water losses such as evaporation and deep percolation. All the farmers practicing this 
system conceive that this is more economical than the traditional one. Moreover, farmers 
prolong the frequency of irrigating their farms to once in three to four weeks instead of 
once a week, which is the case in good times. Even in very critical times, some farmers 
purchase water for 370-400 Nakfa per tanker that can water 25-39 trees of orange. 
However, the present system does not guarantee complete elimination of such losses, as 
there is inevitable outflow of water along the pipes and evapo-transpiration from the 
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orchard. It also puts extra pressure on the already limited supply of labour in the area, as 
the pipe needs to be transported within the orchards. The continuous deterioration of 
available water for irrigation coupled with the inefficient nature of the existing irrigation 
ystem calls for better and efficient water management on top of better water harvesting 
to a better irrigation system 
rom some NGOs and relatives. All the rest remarked that they 
ould shift to drip once this barrier is removed. Running cost is mainly related to the cost 
cond important reason mentioned by all respondents for not using 
rigation periods to satisfy the trees, a 
practice, which would increase the running cost. 
  
s
techniques.  
 
The shift from conventional to drip irrigation 
Despite the acute shortage of water for irrigation, farmers in the Alla-Gaden area are 
generously irrigating their land with the already indicated conventional way of irrigation. 
Such system cannot keep pace with the increasingly shrinking capacity of the area to 
upply water for irrigation. Hence, it is high time to shift s
such as drip irrigation. Farmers in the area have been struggling with different techniques 
to cope with the prevailing water problem but very insignificant numbers of them have 
opted for drip irrigation. This sparks an important caution to identify the reason. 
 
The study has identified the potentials that can be the cornerstones for the introduction 
of drip irrigation systems. It also showed the main constraints towards this shift. Some of 
the main potentials grasped by this study are perception, willingness, consciousness and 
awareness of the farmers towards drip irrigation. The constraints are the initial and 
running costs of the system and its incompatibility with existing irrigation systems.  
 
Constraints against the shift 
The main constraint that was mentioned by all respondents to implement drip irrigation 
was the high initial and running cost of the system. This explains the low adoption of the 
system despite the good awareness prevailing in the area. Those farmers who tried drip 
irrigation (13%) got loans f
w
of fuel. All of the respondents think that irrigating a unit of land by drip irrigation takes 
longer time, which means more money. According to the MoA sub-zone Dekemhare, on 
average, drip irrigation takes 8-10 hrs/day to irrigate a hectare of land while furrow 
irrigation takes only 4 hrs. This may create an impression that more money is required to 
run drip irrigation and that is what all respondents perceived as compared to 
conventional irrigation.  
 
Compatibility is the se
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drip irrigation. This is mainly with those orange trees that have been already under 
conventional irrigation. According to the respondents, with the shift to drip irrigation, 
water for such orange trees becomes less that they start giving lower yields or completely 
fail. However, several studies have shown that it is possible to produce comparable yields 
by using lesser amount of water through drip than furrow and sprinkler irrigation (Davies 
and Albrigo, 1994). The trees, which have been under furrow irrigation, would certainly 
be stressed unless the timing of using drip irrigation is properly followed. In other words, 
drip irrigation would call for more frequent ir
 Potentials towards the shift 
uilding up equipment, 
proving water supplies, drainage, terracing, maintenance of farm building etc. 
th of 76 m 
osting him 120,000 Nakfa. Table 24 indicates the desperate endeavour of the farmers to 
The study showed that the promising aspect of the potentials to implement drip irrigation 
in the Alla-Gaden agricultural area is the land holding system. According to Albert and 
Makeham (1990), land holding system is important to economic development by 
influencing the application of labour, capital and entrepreneurship. Without some security 
of tenure, land users will apply only those inputs that bring immediate benefits and 
become less interested in long-term investments such as b
im
However, agricultural land in the study area is under permanent ownership that 
encourages long-term investment. This is reflected, for example, by the level of 
expenditure of a farmer in digging wells and the number of wells dug per farmer 
(successful or unsuccessful). In an effort to get steady water, for example, one farmer 
attempted to dig seven wells. In addition, another farmer drilled to a dep
c
get water and provides an insight of the level of investment incurred. With the exception 
of one of them, all the wells are manually dug. 
 
Table 24 Level of effort by farmers in the Alla-Gaden area 
 Farmer 1   Farmer 2  
Well Depth (m) Remark Well Depth (m) Remark 
1 23 No water  1 27 Water available 
2 15 No water 2 16 No water 
3  9 No water 3 14 No water 
4  9 No water 4 76 No water 
5 17 No water 5 10 No water 
6 17 Water available 6 12 Water available 
7 27 Water available 7 11 Water available  
 
One cannot expect such level of expenditure if the land was not under permanent 
ownership. Therefore, one condition for long-term investment is met in the Alla-Gaden 
agricultural area. In addition to permanent ownership, agricultural land is dominantly 
located in a very gentle slope that is suitable for the intended irrigation system. Moreover, 
e average size of farm in the area is 3.5 th ha which is suitable for fairly sized drip 
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irrigation system.  
 
Consciousness of farmers on certain problems and their awareness to technologies are 
among key entities in solving the problem of adoption. Valk and De Graf (1995) pointed 
out that in implementing certain technologies, increasing consciousness about the 
problem in question, is one an important step. All of the farmers interviewed, responded 
that shortage of water is the main problem in their farm. Their awareness to water 
conservation is reflected by the modifications they did to furrow irrigation. In addition, all 
of the interviewed orange growers are aware of drip irrigation. Their awareness was 
strengthened by their ability to describe the system in terms of its merits and technical 
know-how. Such information needed for the implementation of the system flows among 
the farmers via friends, relatives and local extension agents. 
Irrigation Development in Eritrea 
Willingness of farmers to adopt a particular technology is crucial for its implementation. 
All the respondents showed their willingness to use the system. The study also indicated 
that the farmers have positive attitude towards drip irrigation and perceived that it is 
more efficient in its water use than conventional irrigation. As a result, they point out that 
it can reasonably address the water problem in the area. Similarly, all farmers perceived 
at it is less labour intensive than the conventional irrigation system, a point worth 
y is no more a guaranteed opportunity. 
dations 
re forwarded to foster the implementation of drip irrigation in Alla-Gaden: 
Drip irrigation on already established trees should be accompanied by occasional 
f the water stress. 
.W. Rice and H.D. Tindal, 1990. Fruit and vegetable production in the warm climate. 
th
considering now that steady labour suppl
Moreover, a dominant proportion of the respondents (86%) perceived that there are fewer 
incidences of disease and weed in drip irrigation than in conventional irrigation. The 
implication to weed control is notably important considering the wide spread of weeds 
booming due to the existing irrigation system.  
 
Conclusion 
Based on the findings of the research, the following suggestions and recommen
a
− The demand for initial cost should be alleviated through some mechanisms such as 
soft loans, cost sharing strategies, donations etc. 
− Appropriate information on timing, water requirement, installation and maintenance 
of the technology should be disseminated to the farmers. 
− 
lushing to compensate 
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Abstract  
The Sawa Farm, with an altitude of 540 m.a.s.l., is located in the Gash-Barka administrative 
zone, about 317 km from Asmara. The existing area under cultivation is 300 hectares. 
However, there is a potential of expanding the farm to 10,000 hectares. The farm 
produces different types of horticultural crops using drip-irrigation system along with 
other modern management techniques. The sou
s
system f r vegetable production in the North-Wes
g e Sawa F is ajor cons  t
has b  in t ears. The bility, in
of erground wat r of Riv r use of drip
irrigation will
dy
discussed in depth. The pape
e u
r will also give an insight on the status and 
e o water r basi des by g
so nd e appropriate gem s of the w
re  ba
 
Ke
 
p irr ticultural prod cti s, Sawa River 
Intro
Eritrea is a country with a semi-arid climate. Rainfall is not only scarce but also very 
erratic. As the result, for decades, in most part of the country, rainfed agriculture has 
resulted in crop failures. Hence, the potential of the underground water resource needs to 
be exploited for crop and livestock production. Thus, a rapid development and expansion 
of drip-irrigation systems is essential and has a good opportunity of being adopted by 
commercial farmers. In this line, the Sawa Farm was established to utilize the farmland 
round Sawa area aa
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using drip-irrigation.  
 
The Sawa Agro-Industry was established in 1998. The Sawa Farm, which is one of the 
farms of Sawa Agro-Industry, is located in the Gash-Barka administrative zone of the 
North-Western Lowland Agro-ecology of Eritrea. This agro-ecology, having an altitude 
range of 400-1500 meters, is characterized by hot arid climate with less than 300 mm of 
rainfall per annum. The potential evapo-transpiration is 1500-2000 mm. This area has a 
production system of nomadic pastoralists with irrigated horticultural commercial farms 
along the riverbeds. The farm, with an altitude of 540 m.a.s.l., is about 317 km from 
Asmara. The existing area under cultivation is 300 hectares. However, there is a potential 
of expanding the farm up to 10,000 hectares. The farm 
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horticultural crops destined for both local and export markets using drip-irrigation 
system along with other modern management techniques. Onion, tomato and hot pepper 
are produced for the local market, whereas watermelon, sweet melon and pumpkin are 
produced for the export market. Green beans, carrot, sunflower and ground nuts are 
grown for crop rotation purposes.  
 
The source of irrigation water is the underground water resource of the Sawa River. The 
boreholes, with a depth ranging 20-40 meters, have dynamic and manometric water 
levels of 8 and 4 meters, respectively. The average output ranges between 13-18 l/sec, 
having capacities of irrigating 1 l/sec. In the last 4 years, as expected, drip-irrigation was 
observed to have a lot of advantages. However, with the existing level of management, 
ere are also several constraints that have to be dealt with. The status of the water 
e underground resource of the river is annually monitored to see the effect of 
 since 1999. 
syst tion systems are assessed in this 
ud
st
 
Sinc r samples of the 17 boreholes of the Sawa 
een analysed annually at the laboratory of the Water Resources Department of 
heir 
a a
after Len y 
ron (B) 
n ken 
 (Mg), sodium (Na), potassium (K), 
form  
(N-NH
th
quality of th
utilizing drip-irrigation on the dynamics of the water quality. 
 
The Sawa farm has been producing vegetables using drip irrigation system
Based on the experiences of the past 4 years, the potential benefits of drip irrigation 
em as compared to surface and sprinkler irriga
st y. The major constraints that the farm has been facing in adopting the drip irrigation 
sy em have also been identified, and some recommendations are suggested. 
Materials and methods 
e 1999, the hydro-chemistry of the wate
Farm have b
the Ministry of the Land, Water and Environment. These samples were evaluated for t
suitability for agriculture using the st ndard classification criteri  as indicated in Table 25 
ka (1999). The major parameters taken are: total salt concentration or salinit
measured as electrical conductivity (EC), sodium adsorption ratio (SAR), bo
conce tration and the concentration of bicarbonates (HCO3). The other parameters ta
are: level of concentrations of calcium (Ca), magnesium
iron (Fe), manganese (Mn), sulfates (SO4), nitrites (NO2), nitrogen in ammonia 
), iron (Fe) and calcium carbonate (CaCO ).  3 3
 
Table 25 Classification criteria of irrigation water 
Parameters Water quality classification criteria 
 Low Medium High Very high 
EC (mmhos/cm) 0-250 250-750 750-2250 2250-5000 
SAR 0-10  10-18 18-26 > 26 
HCO3 (mg/l) < 91 91-518 > 518  
Boron (mg/l) < 0.7 0.7-3.0 > 3.0  
Chloride mg/l < 142 142-355 >355  
114 
Source: Lenka (1999) 
 Results and discussion 
The results of the quality of irrigation water of the boreholes in terms of its suitability to 
wa Farm 
he boreholes of the Sawa Farm are 
ed as electric 
nductivity (EC) is the most important single criterion of irrigation water quality because 
f soil solution is usually related to and often determined by the salinity of 
n of sodium (Na) in the solution increases sodium hazard. The 
 
d
irrigation, and the benefits and constraints of using drip-irrigation system in Sa
is discussed below. 
 
Quality of irrigation water of the boreholes 
The results of the hydro-chemistry of the water of t
indicated in Table 27. The total concentration of soluble salts, express
co
salinity o
irrigation water. Based on the standard classification criteria, twelve boreholes (SA-1, SA-
2, SA-3, SA-4, SA-5, SA-6, SA-7, SA-9, SA-10, SA-12, SA-14 and BH-1) have a medium 
salinity that may require a moderate leaching and crops with moderate salt tolerance can 
be grown without a major damage. Five boreholes, namely, SA-11, BH-2, SA-13, SA-21 
and SA-22 lie within the high salinity range and therefore are not suitable for soils with 
inadequate drainage and for salt-sensitive crops such as green beans. If they have to be 
used, crops with good salt tolerance should be selected. Relatively more saline water can 
be used with drip irrigation than with any other method (Reddi et al., 2002). In the case of 
drip irrigation with saline water, depending on the discharge and quantity of water 
applied, a shallow pocket of salts, 30-80 cm radius, accumulate surrounding the 
transmission zone. As the distance from the plant increases, the salt concentration 
increases steadily either in lateral or vertical directions. Low salt concentration level is 
maintained in the root zone as the soil moisture is always kept close to field capacity. 
 
ncreased concentratioI
most reliable index of sodium hazard, the tendency of irrigation water to form
xchangeable sodium in the soil, is the sodium adsorption ratio (SAR). It is defined as: e
 
Based on the standard c
medium sodium hazard 
levels may create moder
sed in coarse textureu
indicating that it can be
developing harmful level
 
The bicarbonate (HCO3)
slight to moderate (91-5
been reported for wate
susceptible crops when i
crops irrigated by drip irr
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2  soils. The water in the other 15 boreholes has low SAR values 
riteria, irrigation water in 2 boreholes (SA-12 and SA-13), has 
with SAR values of 17.63 and 13.58, respectively (Table 2). These 
ate sodium (Na) problem in fine textured soils, but can safely be 
 used for irrigation in almost all soil types with little danger of 
s of exchangeable sodium. 
 levels of the irrigation water in all the boreholes lie within the 
18 mg/l) range (Table 26). The maximum level of 439 mg/l has 
r from borehole SA-13 which can have moderate effects on 
rrigated by overhead sprinkling. It does not pose any problem for 
igation. 
E     
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Boron (B) concentration in irrigation water in semiarid and arid zones is more than in 
humid zones (Lenka, 1999). The water in all the boreholes is within the acceptable range 
(< 3.0). It can, thus, safely be used for irrigation for almost all crops. In the presence of 
organic matter, boron toxicity is not generally a problem and irrigation water containing 
high concentration of boron can be used. Since the soil in the Sawa Farm is very low in 
rganic matter, should it have high level of boron, it could have created boron toxicity.  o
 
Table 26 Hydro-chemistry of the water of boreholes of Sawa Farm in 1999 
Well No. pH EC 
(mmhos/cm) 
HCO3 (mg/l) Alkalinity as 
CaCO3 (mg/l) 
SAR Boron (mg/l) 
SA-1 7.51 463 220 180 1.72 0.3 
SA-2 7.61 762 332 272 3.98 0.1 
SA-3 7.64 506 264 216 3.56 0.3 
SA-4 7.60 399 244 200 1.10 0.1 
SA-5 7.64 501 220 180 1.62 0.2 
SA-6 7.60 464 259 212 1.55 0.1 
SA-7 7.57 438 229 188 1.13 0.1 
SA-8 7.52 461 225 184 1.89 1.2 
SA-9 7.58 595 288 236 3.62 0.1 
SA-11 8.01 817 366 300 5.07 0.1 
SA-12 8.26 674 312 256 13.58 0.1 
SA-13 9.24 1,343 439 360 17.63 0.1 
SA-14 7.87 635 312 256 2.95 0.6 
SA-21 7.47 1,395 493 404 8.66 0.8 
SA-22 7.83 911 405 332 6.25 0.2 
BH-1 7.55 739 327 268 3.50 1.2 
BH-2 7.70 789 342 280 4.21 0.6 
SAR Sodium Adsorption RatioSource: Fikremariam (1999) 
 
Benefits and constraints of using drip-irrigation system 
 using drip-irrigation system 
rip irrigation has ed to be a su terms of w ing and in ield in a 
rop di et al., 20 awa Farm, g average output of 
 l/sec, one bo  can only irrigate 4 hectares of land per day using w irrigation, 
mpared to 15 hectares using drip tion system. In a hybrid cotton field, with the 
ty of w iven, it was  to irrigate ares with dr  system against 
 using ce irrigation  2 fold inc in yield (Reddi et al., 2002). 
s on sugar e indicated that there was 46% saving in 
 nitrogen fertilizer, and 23-31% increase in yield of sugar cane, with drip 
irrigation as compared to furrow irrigation (Chaudary, 1992). The increase in yield ranged 
from 20% in grapes to as high as 100% in bananas. The percentage saving of water mainly 
depends on crop and soil type, and environmental conditions. Under the Sawa Farm 
conditions, the main reasons for saving water are; absence of conveyance and runoff losses, 
Benefits of
D  prov ccess in ater sav creased y
wide range of c s (Red 02). At S  with the existin
15.5
as co
rehole  furro
 irriga
same quanti ater g possible  2 hect ip
0.6 hectares  surfa , giving rease 
Similarly, in India, studie cane hav 32-
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water, 25% saving in
 reduced evaporation due to lesser wetted area and minimum or no deep percolation. Drip 
ol, a comparable farm nearby, to compare drip 
th of sugar cane was much 
 of 
pplied fertilizer only to the root zone, b) improved timing of fertilization, because of 
In short, applying fertilizer through drip system increases fertilizer use efficiency, 
becaus to t of the soil in which water, solute and plant 
roots a es th cy of fertilizer recovery (Miller et al., 1976). 
It has also decre  energy costs by making use of the water distribution 
system for distributing the nutrients, nematicides and herbicides. 
ods (Mandal and Jana, 1995). 
ditional cropped area, yield of vegetables, 
s and other plantation crops can also increase by up to 30% (Mandal and Jana, 1995). 
irrigation was able to provide the crops in the farm with sufficient amount of moisture 
throughout the growing season unlike other methods where soil moisture fluctuates from 
field capacity to different degrees of dryness between irrigation intervals.  
 
Currently there is a trial going at Afhimb
and furrow irrigation methods on sugar cane yield. The grow
more enhanced by using drip as compared to furrow irrigation. Preliminary results have 
also indicated that weed infestation was less with drip irrigation because not only a small 
area was wetted, but also the enhanced development of the cane canopy has suppressed 
the weeds at a very early stage resulting in an anticipated increase in yield.  
 
Drip irrigation system is particularly advantageous when the water is saline (Mandal and 
Jana, 1995). Applying water frequently reduces the moisture tension and the salt 
concentration in the root zone. Thus, salt concentration in the soil water can be held 
below damaging levels and the unwanted salts move to the outer edge of the wetted 
zone. As a result, the osmotic potential of the dissolved salt does not impede water intake by 
the plant. At Sawa Farm, when compared to furrow irrigation, drip irrigation has shown 
reduced salinity damages to salt-sensitive crops such as green beans due to relatively low salt 
concentration because of the high and continuous availability of water to the crop. 
 
Drip system is expected to increase the efficiency of fertilizer application in the farm. 
Several researchers (Besler et al., 1974; Shani, 1974) have proposed various possible 
reasons for the increased efficiency of fertilization such as: a) decreased quantity
a
more frequent application at various crop growth stages, and c) improved distribution of 
fertilizers with minimum leaching beyond the root zone or runoff. 
 
e of the nutrients plied hat part 
re located. It also impro e efficien
ap
v
ased labour and
 
As expected, at Sawa Farm, drip system has saved a lot of irrigation water as compared to 
the surface method. This was because direct evaporation from the soil surface and water 
uptake by weeds has been reduced by not wetting the entire soil surface between the 
vegetable rows. Water is also saved by irrigating a small portion of the soil volume, 
entirely avoiding deep percolation losses below the crop root zone, reducing runoff from 
the field and minimizing seepage. The water use efficiency of drip method is estimated to 
e over 90% higher than that of any other irrigation methb
Thus, the system ensured results in saving of 40 to 50% water requirement as compared 
to furrow irrigation. Gustafson (1975) reported an estimated 30% saving of water by drip 
irrigation. Singh et al., (1978) also reported that drip irrigation required 50% less water 
than furrow irrigation to obtain the same yield of potatoes. They further reported that 
double row planting of cabbage, cauliflower and tomato reduced water use by 50%. By 
irtue of utilizing the saved water over an ad
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v
orchard
Irrigation Development in Eritrea 
In Australia, drip system, as compared to sprinkler and furrow irrigation, has reduced cost of 
production, improved efficiency and boosted profitability of grapes (Cole, 1985). 
 
In drip irrigation system, only the root zone is saturated with water, and thus field 
levelling is not that important. There is no runoff in the system, and therefore soil erosion 
is not a problem. 
 
Consider ng all the above advantages, with a reasonably goodi  farm management, the 
xpen re on dr v y  paybac
investment in drip irrigatio e to four years
rm man ent leve à-vis th the sy , which i nd 5-10 rs. 
traints of g drip-ir tion syste
wa Farm h the cu  technical level of far nageme d the existing farm 
tions w gard to ate, qua f irrigati ater and financial capacity, there 
w cons s that h o be deal h in usin ip irrigation system.  
ajor p  with d rrigation logging stem co ents by ticulate, 
ical and logical m rials. Th tem has low flow rates and extremely small 
ges for r. Thes ssages are easily clo by org debris mineral 
es car n irrigat ater, an  chemic es and biolog
p within the system. When the on approaches, sometime in February, 
boreholes, particularly SA-6 a  SA-11, g own. T  usually 
 in si  where water with nificant amount of silt is discharged by the 
 the entire system. Clogging adversely affects rate of water 
tion a iformity ter dis tion and increases op g and maintenance 
ult  low p population, crop dam ec d yield. The major 
gging in drip irrigat m Sawa Far  include: suspended 
les like silt, cl lgae and other aquati nts and chemical prec tes like 
hate fe r, calcium carbonate (CaCO3), and c sulfate (CaSO4). 
and, silt, clay and debris are too large in size to pass through small openings of filter 
in the drip system and outer surface 
of the  irrigation water. Sodium and magnesium sulfates 
hile calcium sulfate is less soluble in water. In the 
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S
sand emitters (drippers). Precipitates are formed with
 drippers due to soluble salts in
(MgSO4) are readily soluble in water w
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presence of soluble calcium, sulfate precipitates as calcium sulfate. Precipitated salts 
caused by evaporation of water at the end of capillary tubes and deposition of carbonates 
can also cause clogging (Mandal and Jana, 1995). Precipitates are also formed with some 
type of fertilizers such as phosphorus. At Sawa Farm, phosphorus is applied as di-
ammonium phosphate (DAP), which is believed to cause clogging in the drip irrigation 
system. On sandy soils, which have low exchange capacity, dissolved phosphates may 
combine with calcium and magnesium to form insoluble phosphates and can form 
complex precipitates, which clog the system. There is an effort to remove the organic and 
inorganic suspended particles by water filtration and periodic flushing of filters, main 
line, laterals and drippers. Filtration removes suspended particles and sand filters are 
used to remove suspended particles of size range >20-100 mm. Screen filters of 100-
200 mesh size remove particles ranging between 100-150 mm. Filtered substances that 
 have accumulated in the pores of the filter are removed by back flushing. Periodic 
injection of sulfuric acid (98%) into the system at the rate of 5 l/ha has been very useful at 
the farm.  
 
The initial investment cost of drip system is high. Depending on the country of origin and 
e payback on 
e initial investment can be recovered quickly provided that all other farm management 
akes the 
ystem not only inefficient, but also labour-intensive, and, thus costly. Initial assembling 
er lines as a result of 
hich water is wasted, resulting in crop damage and decreased yield because the crop 
g drip irrigation system 
types of accessories in the system, the cost may range between 2,500 and 3,000 USD per 
hectare. However, when there is a dire need for expanding agriculture and the use of 
irrigation as a major factor in boosting production, a search for more specialized way of 
applying and economizing the scarcely available water is very crucial. Thus, drip irrigation 
system becomes the best alternative when dealing with crop water consumption and 
stress. If drip system is used to produce high value and exportable crops, th
th
practices are maintained at an optimum level. 
 
At Sawa Farm, with the current available technique and level of farm management, drip 
system has posed a problem in the implementation of some cultural practices. It has 
impeded farm operations, mainly weeding and cultivation using machinery while the farm 
is being drip-irrigated. During cultivation, implements of a tractor damage the drip lines. 
Therefore, the rows between the drip lines are either manually cultivated, or if machinery 
is used, the dripper lines have to be removed before the operation starts. This m
s
of drip system, and its routine operations and maintenance requires skilled technicians. 
There is a shortage of irrigation engineers and technicians, in terms of skill and number, 
in the farm. 
 
Rodent damage of drip lines is also a problem. In search of water, rodents such as 
squirrels, mongoose and rats usually chew and damage the dripp
w
does not get the required amount of water. Rodents have also been a major problem in 
other farms such as the banana farm at Mogoraib where drip system is used. 
 
Recommendations 
ased on the information gathered and experiences gained in usinB
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so far at the farm, the following recommendations are made for the North-Western 
Lowland Agro-ecology in general, and Sawa Farm in particular: 
 
− The irrigation water of the boreholes should be analysed annually to monitor the 
dynamics and quality of the underground water resources of the river basin in terms 
of its suitability for irrigation.  
− Chemical precipitation of calcium and magnesium carbonate are common in arid 
regions, and thus the irrigation water should be monitored for its Ca and Mg levels.  
− Water-soluble fertilizers that do not normally react with water to form ions and 
relatively free from clogging problems should be applied. These include urea, 
potassium sulfate (K2SO4), potassium nitrate (KNO3), potassium chloride (KCl), and 
muriate of potash (52% K2O). Continuous or repeated application of potash in small 
quantities through drip irrigation was found very effective and economical. 
Irrigation Development in Eritrea 
− Phosphorous (P) has not been recommended for application in drip irrigation systems 
because of its low solubility in water, its tendency to cause clogging, and its limited 
movement in soil. Especially in sandy soils with low cation exchange capacity, 
s can cause serious clogging in the irrigation system. 
Clogging of the drip irrigation system should be prevented using standard 
p
f advanced 
dissolved phosphates may combine with calcium and magnesium to form insoluble 
phosphates and can form complex precipitates. Moreover, nitrogen inject in the form 
of ammo-pho
− Excessive application of any type of fertilizer at a time should be avoided so as to 
prevent clogging of the system. If more than one fertilizer, herbicide, or nematicide 
are used, they must be compatible and should not react adversely with the salts 
contained. 
− 
rocedures. 
− Borehole water with high salinity should be closely and periodically monitored. Salt 
tolerant crops should be selected for water with relatively high salinity levels. 
 To promote and develop drip irrigation system in Eritrea, there is a need o−
training of low level technicians and irrigation engineers within the country and/or 
overseas.  
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Abstract 
Agriculture is the main stay of the people of Eritrea. However, it is mainly rainfed, with 
low level of input and consequent low output. With proper water harvesting and 
management practices the amount of rainfall received can be enough for irrigated 
agriculture. However, it has been customary to irrigate the flat lands only even though it 
s possible to expand irrigation to the surroundi
focuses on practical work of land preparation in the hillside of catchment areas for 
irrigation from a nearby dam or any water source. Primary data was collected using a 
questionnaire that included questions on farming characteristics, source of water, 
financial status and resources to grasp the farmers’ attitude, readiness and capacity to 
irrigate hilly areas. Three villages, Shimanegus-Laelay, Geremi and Dembe-Zawel, were 
selected for the survey based on their background in practicing surface irrigation, time 
limits and access to transport. A sample of 20 households was randomly selected from 
the villages for the interview. Secondary data was also used to supplement the primary 
data for this study. The study reveals that the farmers have willingness to expand 
irrigation to hilly areas because their irrigable land in flat area is too small to motivate 
hem to adapt
constraints that hinder farmers to encroach irrigation to hilly areas are lack of capital, 
land tenure system and shortage of water. In addition, the farmers lack economically and 
environmentally sound technical skill of land preparation in hilly areas. Hence, this paper 
gives technical approaches to improve farmers’ skills.  
 
ey words: Encroachment, hilly areas, irrigation, smallscale investment K
 
Introduction 
There is a great potential to improve the level of agricultural production using different 
techniques. However, as long as we depend on rainfed agriculture, the possibility of 
ncreasing agricultural production remains low whatever invi
T refore, agricultural activities should focus on irrigated agriculture for commercial 
p oses whenever possible. Irrigated agriculture can be implemented and be effective 
only in flat lands but also in hilly catchment areas with proper land preparation 
vities. Thus, by decreasing the
conservation measures, it is possible to have cultivable land, which is suitable for 
ation (Schwab et al., 1993). This can have advantages in that it minimizes soil erosion 
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an  gives additional land for cultivation and efficient consumption of the harvested water. 
H ce, such practices can play a role in increasing yield, diversifying products, and 
roving other sectors of agriculture such as livestock production, apiculture etc. 
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Materials and methods 
 main source of data for this paper was the primary data that was collected using a 
stionnaire that included questions on personal information, farming characteristics, source 
ater, financial sources and status of the farmers etc. Three villages: Shimanegus-Laelay, 
emi and Dembe-Zawel, which are located in zoba Maekel sub-zoba Serejaka were selected 
d on their background in practicing surface irrigation. Time limit and a
The
que
of w
Ger
base ccess to transport 
rand
to s
area  area with an average slope percentage of 5-15%), review of the steps listed 
lo
1. ea and the water source to prepare the topomap of the hilly area. 
 
 
(Fig. 8).  
the level bund or terracing for that area.  
lculate the volume of soil and other 
omic practices, to support the physical measure of soil 
 t ities. 
8. area. 
nservation measure and 
Figure 8 Typical drawing for the cut and fill method for the construction of bench terrace 
 
were also taken into consideration in selecting these villages. A sample of 20 households was 
omly selected from the three villages for interview. Moreover, secondary data was collected 
upplement the primary data. For the technical aspects of land preparation in hilly areas (hilly 
 refers to an
be w as presented by Doraisamy (1998) would be very important. 
Survey the ar
2. Draw the profile of the area from the topomap: this helps to determine the slope 
percentage of the site. 
3. Establish appropriate lines for the application of maximum land (the size of the 
cultivable land, space between inter-bunds), which help to determine the area to be 
cut and fill 
4. Design 
5. Calculate the volume of soil to be cut and fill. To determine the length of the level 
bund based on the lines established on ground, ca
materials used. 
6. Propose appropriate agron
conservation. 
7. Prepare a land use plan of the site o show the classification of the different activ
Select the appropriate irrigation system (sprinkler or drip) suitable to the 
9. Prepare the bill of quantity for the implementation of the co
the irrigation system. 
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 To prepare hilly land for irrigation, bench terrace is the most commo
structure. Bench terrace can b
n conservation 
e constructed by excavation or developed from level bund. 
The implementation of such measures may have negative impacts on the soil structure by 
bance. This, however, can be reclaimed with deep tillage, growing 
. Moreover, 
tent of the soil with the application of manure and 
ndfill compost is another means of improving the structure of the soil.  
s with small or no interest. With 
gards to the loan from Adawi Bank (village bank) for small-scale investment, all 
dividually so that 
ey can get access to pumps, pipes and irrigation equipment. Small-scale investment 
investment, which can be done by farmers individually or in groups through 
t farm 
vel, slope level or catchment area level. This implies that conservation measures are 
level specific. However, this paper focused at farm or slope level. It is logical that before 
starting irrigation there is a need to prepare the land to be irrigated through contour 
compaction and distur
vegetation and vegetation residues where grasses are most effective
improving the organic matter con
la
 
The following materials are required to accomplish the above-listed steps: surveying 
instruments for the preparation of the topomap, ordinary farming equipment, oxen or 
tractor for the preparation of the land, and pump, irrigation pipes and its accessories for 
the irrigation system. 
 
Results and discussion 
According to the data obtained from the interview, the average size of agricultural land in the 
study areas is 0.75 ha where half of it is in the hilly area and the remaining half in the flat area. 
The farmers irrigate only small part of the flat land by surface irrigation for vegetables, because 
the flat areas are far away from the water source. However, they also have land in the hilly area, 
which is near the water source and needs better land preparation to irrigate.  
 
All of the interviewees responded that irrigation is possible in the hilly area by preparing 
land with appropriate conservation measures such as level bund or terrace through 
ordinary farming equipment and oxen. However, the respondents mentioned some 
common constraints, which include lack of land, capital and scientific approach to 
prepare land in hilly areas, shortage of water and land tenure system not conducive for 
investment. Almost all of the respondents indicated that getting loan from the bank could 
solve the problem of lack of capital. But they have reservation on the high interest rates. 
For this reason, they prefer to get loan from relative
re
respondents expressed that they prefer to get loan from such source in
th
refers to an 
investment or loans from government or NGOs. As to the loan for tractors, they prefer to 
get it in groups of 5-10. The farmers are confident that they can repay the loan they get 
from any source, provided that enough land and capital is available.  
 
Lack of scientific approach for land preparation in hilly areas can be solved by 
strengthening (improving) the skill of farmers in preparing land in hilly areas by training 
and extension on scientific approach of land preparation. The following is the technical 
approach that can assist to achieve the objective: 
 
Review of technical approach to land preparation 
Generally, in selecting conservation measures, consideration should be given to the level 
or the scale of the measures that are taken. Conservation measure can be applied a
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farming or constructing level bunds, terracing, etc. But cost benefit analysis should be 
noff. Moreover, until they 
ion of 
Leve es retain all runoff between two bunds (Huypers et al., 1987). 
whe
a b course of years (Hurni, 1995). Level bunds or bench terraces 
s and implement irrigation systems. 
igation system and the type of crop 
sho
dete ent ways based on the average slope of the land, soil characteristics 
 
done to identify the kind of land preparation and the type of irrigation to apply on the 
hilly lands so that it is possible to come up with economically feasible and 
environmentally sound solutions. 
 
Level bund is a slow process that takes longer time to prepare than excavated terraces. 
On the other hand, excavation of terrace is more expensive than constructing level bund 
in hilly areas. The time required for a level bund to develop itself to bench terrace, 
depends on the rate of sedimentation, which in turn depends on soil depth, organic 
matter content and other physico-chemical aspects of the soil (Hurni, 1995). In addition 
to the longer time taken for level bunds to develop into bench terraces, they are not as 
strong as bench terraces to resist unexpected high peak ru
develop into bench terrace, level bunds need very close supervision and incurs
some costs for their maintenance, such as raising the embankment annually. 
 
l bunds or bench terrac
Soil that is eroded between two bunds is deposited in the basin behind the lower bund, 
never the basin is full of sediment. The bund must then be raised so that it results in 
ench terrace in the 
should be convenient to practice agricultural activitie
The technical aspects of selecting the appropriate irr
to cultivate depend on the spacing between two bunds. The spacing between the bunds 
uld be convenient to agricultural operations. The inter-bund spacing can mainly be 
rmined in differ
(such as soil depth) and rainfall. The specification for inter-bund spacing is given in Table 
27 as presented by Doraisamy (1998).  
Table 27 Suitable inter-bund spacing for low rainfall areas  
(<750mm) as determined by the slope of the land 
Average Slope  
of land (%)  
Vertical drop to  
be adapted (cm) 
Average inter-bund 
distance (m) 
0.0 - 1.0 105 105 
1.0 - 1.5 120 96 
1.5 - 2.0 135 75 
2.0 - 3.0 150 60 
3.0 - 4.0 165 51 
4.0 - 5.0 180 39 
5.0 - 6.0 195 36 
6.0 - 7.0 210 33 
7.0 - 8.0 240 33 
8.0 - 10.0 270 30 
10.0 - 12.0 360 30 
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 After the preparation of the hilly area, there should be proper water harvesting 
mechanism and management of irrigated agriculture (Michael, 2002). This can be done 
through efficient integration of the crop-water relationship and selecting appropriate 
irrigation system.  
 
Conclusion 
n conclusion, contour farming is not advisable for irrigation because I it enhances soil 
n to develop the bench terrace from level bund through mechanical 
 and fill method. The terraced land will be suitable for agricultural 
 systems and as a result there will be efficient utilization of water.  
erosion and loss of water. Nevertheless, as it is mentioned above, both the level (contour) 
bund and bench terrace have their own drawbacks. Therefore, instead of direct 
construction of bench terraces, it is more economical to construct level bunds, which 
ultimately develop into bench terraces in the course of time. It is practical and efficient to 
inimize the time spam
practice that is, by cut
activities and irrigation
 
This is a review paper, and it may shed light to conduct research on introducing irrigation 
systems in the hilly areas of the highlands of Eritrea with small-scale investment or 
integrated long-term investment. Such studies can provide information that could be 
used by farmers to farm additional land and generate more income. 
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 and social development for any country. Water 
evelopment programmes and projects are usually formulated and implemented to cope 
my. Therefore, the presence of ample 
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 whi  a d n the growth process. 
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Abstract  
Eritrea is one of the developing countries located in the horn of Africa along the Sahel 
region. It has six administrative zones and covers an area of about 124,000 km2 with a 
total population of about 3.5 million. It has arid and semi-arid climatic conditions. The 
Water Resources Department carried out water point inventory survey in 1995-1997 and 
2000-2002. However, these surveys did not cover the agricultural wells and hence lack 
ata on water quality and other management aspects. The present study wasd
conducted to identify the type of wells used for irrigation, to study the types of pumps, 
their efficiencies and the range of horsepower used. The study also aimed at getting 
general information on the agricultural areas, irrigation systems used and application 
practices. The present study based on a detailed questionnaire covered the above aspects 
in Anseba region. In this paper, the methodology of collection of data, the water use 
parameters in agriculture and the preliminary assessment of the study are presented.  
 
Key words: agricultural water use, irrigation, water lifting devices, water resources. 
 
Introduction 
Water sector is a lifeline for economic
d
up with the demand of various sectors of the econo
ources is an asset, which boosts the deve
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of the country le its absence is etrimental factor i
 
Eritrea’s is ba ent o
depends nfed d an
erratic rainfall adversely 
cause m
population. Drying up 
f peo
are the s ecu
 
resource jor p is c
the landf  mo
to erosio
runoff. Most
r is
ure depends on  irrigation a
furrow irr e the tion
 Irrigation in Eritrea 
Of the total area of Eritrea, 26% is suitable for agriculture. According to reports of the 
Ministry of Agriculture, little over 500,000 ha is cultivated and 95% of this area is under 
ainfed agriculture. r The area under irrigation is estimated at 22,000 ha only, which is very 
Eritrea, there are several types of irrigation namely: furrow, spate, drip and 
s the population pressure is increasing in Eritrea, more food needs to be 
tudying the preliminary quality of water (EC and pH), the type and status of pumps, the 
 recorded data or information concerning agricultural water resources in the 
e Ministry of Agriculture has collected some information on agricultural wells 
seba-
reb-Gash River and Tsilma Plains.  
aboration with the MoA has surveyed about 
 
r  in detail b si
the two line ministries agreed to commence with Anseba and Mereb-Gash basins, which 
ue 
season in the highlands, the survey was forced to shift its priority to the Red 
The survey has used the following methods to collect data: 
 
− Selected farmers were interviewed using a questionnaire with regard to location of 
water sources, and parameters of wells, pumps, geology, crop and soil, farmland and 
irrigation systems.  
− On site preliminarily water analysis (using pH-meter and EC-meter) was conducted. 
− Direct observation and measurement of well parameters.  
− Review of relevant literature on domestic and agricultural wells and some preliminary 
study documents on Eritrean wells and pumps  
− Record the primary and secondary data concerning water points, management 
systems, pump condition and type, type of soils and crops, etc. 
meagre. In 
sprinkler. A
produced and this can be done through intensification of agriculture and extending the 
cultivable area. Since rainfed agriculture is dependent on the vagaries of the monsoon, 
efforts have to be made to improve the irrigation systems and to increase their 
efficiencies. 
 
The WRD is interested in conserving and managing water resources giving priority to 
domestic water use and agriculture. In light of this, the present study envisages 
addressing the problems of the nature of aquifers in agricultural and domestic wells by 
s
qualitative type of soils, the crops and their water requirements. Special presentation of 
the agricultural wells associated with GIS software is being attempted. 
 
Materials and methods  
There is no
country. Th
for its own use. Most of the agricultural wells are located in Alla Plains, along the An
Barka Rivers, Me
 
The Water Resource Department (WRD) in coll
1310 ha of farmland and more than 2000 wells with all their parameters and pump
situations. The survey was p imarily set to study a n by basin. To achieve this, 
are the two major basins where intensive agricultural activities take place. However, d
to the rainy 
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Sea basin. 
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− Wherever possible, logging analysis was implemented, an
using MS-Access 2000. The
d then database was created 
 data was analysed with appropriate tools and where 
applicable, qualitative and spatial analysis of the data was done using GIS.  
ltural activities around the urban areas showed that many wells 
ing non-functional and yielding low discharges due to excessive water use 
round water and utilization of improper irrigation systems.  
Results and discussion 
Primary studies on agricu
are becom
from the g
 
Irrigation well parameters 
Boreholes for irrigation are mainly in Keren with depth range of 45 to 70 m and yielding 
between 0.77 and 4.13 l/s. The the shallow hand-dug wells with depth ranging from 3 to 
12 m constructed in the alluvial plains along the Anseba River constitute the major source 
of water for irrigation. In some places, however, the wells penetrate the weakened and 
jointed granitoid rocks. The details of the depth range of hand-dug wells in different 
sub-zobas are presented in Table 28. 
 
Table 28 Depth range of hand-dug wells in different zobas 
Sub-zoba Depth range 
 < 1m 1 - 3m 3 - 6m 6 - 9m 9 - 12m 
Keren 0 2 26 35 39 
Hamelmalo 0 38 122 49 2 
Elabered 0 21 114 74 17 
Adi Tekelezan 0 3 4 0 0 
Berak 0 0 1 0 0 
Mekerka 0 4 31 1 0 
Total 0 68 298 159 58 
 
The minimum static water level of 0.5m below ground was found in sub-zobas Elabered 
and Hamelmalo, while a maximum level of 18m below ground was observed in sub-zoba 
Keren. 
 
The actual yield of the hand-dug wells, ranged between 0.733 and 19.35 l/s. The rated 
umping capacity as per the pump installed ranges from 2 to 35 l/s. 
ys 
of the Water Resources Department.  
p
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Well spacing  
The distance between the irrigation wells was so close in a number of cases, which has 
caused interference while pumping. Therefore, there is a need to maintain a minimum 
distance of 200 m between two irrigation wells. This temporary spacing could be revised 
based on actual pumping tests, which have to be conducted as part of the regular surve
 Anseba irrigation 
The total area under irrigation so far surveyed is in zoba Anseba (Keren, Hamelmalo, 
Elabered sub-zobas) and in some part of sub-zoba Berike is 1141 hectares (plus 300 ha 
in Elabered) and covers the bulk of the irrigated area.  
 
Basin and furrow irrigation is the common practice in zoba Anseba and drip irrigation is 
still not very popular except in Keren and Elabered. In very few farms, drip and sprinkler 
irrigation are practiced. The crops under irrigation are mainly horticultural crops covering 
varieties of fruits and vegetables. Farmers were applying 30-40% more water as 
compared to drip irrigation for the horticulture crops. For fully matured citrus trees, the 
omputed value for water requirement is 44 liters per day per tree (l/d/t) during 
a Hagaz. However, 
rces, which have extreme cases of salinity. The mean value of 
concentrations was 52 mg/l and 86.5 mg/l respectively. The 
perating at a low efficiency. 
ing system for which the five 
m
um
The
system. The installations in most parts of the country are not under optimum level. 
le e 
ve tween various elements of 
p meets specifications but 
the iven the discharge required and the 
ea
e 
c
December while currently they are applying 74 l/d/t. Elabered farm is using drip irrigation 
for citrus plants and providing 88 liters per plant (spaced at 6 x 6m) on alternate days.  
 
Water quality 
The water quality in zoba Anseba is suitable for irrigation purposes. The salinity ranges 
rom 420 S/cm, at sub-zoba Adi Tekelezan, to 1511 S/cm at sub-zobf
there are very few sou
chloride and sulphate 
sodium (Na) concentration in Adi Tekelezan was 18.5 mg/l while the value in Hagaz was 
162 mg/l (Fikremariam, 1998).  
 
Water lifting devices  
Out of the total of 757 wells surveyed: 2 wells in sub-zoba Berike, use manual water 
lifting devices for small-scale irrigation, 64 wells use shadoof, 647 use diesel engines, 40 
wells benzene engines, and in 4 wells use electrical motors. The majority of the pumps in 
use have a capacity, which ranges between 5 to 10 horsepower. Lombardini, Lister, 
Mercury, Honda, Anil, Slanzy, Yanmar are some of the popular engines /motors installed 
on the wells. As there are numerous types of pumps, there is a need for standardization 
of pumping systems.  
 
The studies revealed that most of the pumps set are o
herefore, there is a need for the concept of complete pumpT
co ponents viz., the prime mover which could be diesel engine or electric motor; the 
p p; foot valve; suction pipe and delivery pipe have to be considered (Nabard, 1984). 
 last three constitute what could be called piping subsystem of the entire pumping 
Un ss the individual components are selected as per the recommended standards, th
o rall efficiency will be very low because of the mismatch be
the pumping system. The question is not which motor or pum
what is the most efficient pumping system when measured by the ratio of net output to 
energy supplied through electricity or diesel g
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h d over which water is to be raised. Therefore, farmers should be advised on the use of 
th most efficient pumping system in their farms. 
Irrigation Development in Eritrea 
Conclusion 
 existing irrigation system in the study area was found to be highly water consuming 
le drip irrigation may save 30-40% of irrigation water. In addition, the existin
The
whi g spacing 
ong the wells.  
g the concept of 
omplete pumping system (CPS). 
creates interference am
 
Due to lack of awareness farmers were observed to overuse their water resources. Wells 
located along Anseba basin have shown negative influence on the domestic wells of Keren 
quantitatively and qualitatively. Thus, there is a need for introducin
c
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 Annex 1 Workshop programme 
9:20-09:30 Opening of workshop, H. E. Mr. Arefaine Berhe, Minister, Ministry of 
Agriculture  
 of Seasonal Climate Forecasts to Water Resources Management 
Michael Negash, Ministry of Land water and Environment (MLWE). 
Performance Measurement in Canal-fed Surface Irrigation Systems Abraham 
Mehari, CA, University of Asmara (UoA).  
Socio-economic and institutional aspects influencing the acceptance of AMIT 
by farmers, Brigitta Stillhardt (CDE), B. Ghebru and A. Mehari  (CA, UoA).  
“Irrigation Development in Eritrea: Potentials and Constraints” 
ugust 14-15, 2003, NCEW hall, Asmara Eritrea A
Workshop Rapporteurs: 
Abraham Mehari, Simon Abay, and Sirak Mehari 
 
Day1: August 14, 2003 
08:00-09:00 Registration of participants 
 Chair: Dr. Bissrat Ghebru 
09:00-09:10 Remarks by the Organising committee  
09:10-09:20 Opening speech, Dr. Tadesse Mehari, Chairman of AEAS. 
0
09:30-10:00 Review of Irrigation Development in Eritrea  
Semere Amlesom, DARHRD, Ministry of Agriculture. 
10:00-10:30 COFFEE BREAK 
 Chair: Dr. Woldeselassie Ogbazghi 
10:30-10:50 Rainfall Input to irrigation Development in Eritrea: potentials and constraints 
Zeneb Habte, WFP.  
10:50-11:10 Application
11:10-11:30 
11:30-11:50 Gender and Irrigation Development, Solome Haile, MoA 
11:50-12.30 Discussion 
12:30-02:00 LUNCH  
 Chair: Ms. Zeneb Habte 
02:00-02.20 Introducing smallscale irrigation technology in Eritrea: lessons and 
experiences. Bissrat Ghebru and Abraham Mehari, College of Agriculture, UoA. 
02:20-02:40 
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02:40-03:00 Potentials and Constraints of drip irrigation systems in the North Western 
lowland Ecology: the case of Sawa Farm. Bereke-Tsehai Tukue (Sawa Agro 
Industry) and Mebrat Gebreab 
03:00-03:30 Discussion 
03:30-04:00 COFFEE BREAK 
 Chair: Mr. Michael Negash  
04:00-04:20 Encroaching Irrigation to hilly areas of the Highlands with small-scale 
investment. Michael Andom, College of Agriculture, UoA. 
04:20-04:40 Agricultural water use in Anseba basin, Eritrea: a preliminary assessment. 
Vishwanathan, K. S, Yohannes Michael and Yonas Hadgu, MLWE. 
04:40-05:00 Agronomic considerations of low cost micro-irrigation systems. Samuel 
Asghedom, College of Agriculture, UoA. 
05:00-06:00  Discussion 
Irrigation Development in Eritrea 
Day 2: August 15, 2003 
mlak A., Woldeselassie O., Dagnew G., Bissrat G. and 
, College of Agriculture, UoA. 
wers in Ala  
ldemichael and Sirak Mehari, College of Agriculture, UoA. 
Runoff irrigation systems in western lowlands of Eritrea: Potentials and 
constraints  
r n
COFFEE BREAK 
n a: case of the
Berhane Haile, Ministry of Agriculture.  
10:20-11:00 Options to speed up adaptation and dissemination of AMIT kits in Eritrea. 
Ermias Beyene and Viveca Nidecker 
11:00-12:00 Discussions 
 Chair: Brigitta Stillhardt and Dr. Mehretab Tesfai 
12:00-12:15 Formation of working groups and briefing 
12:15-12:45 Working group discussions 
12:45-02:00 LUNCH  
02:00-03:30 Group discussions continue 
03:30-04:30 Working group presentations and discussion 
04:30-05:00 COFFEE BREAK 
05:00-05:15 Wrap up, Organising committee 
05:15-05:30 Closing remarks, Chairman of AEAS 
 
 Chair: Mr. Semere Amlesom 
08:00-08:20 Farming System Survey under Agro-pastoral Spate Irrigation in the Coastal 
Plain Zone (CPZ) of Eritrea: a case of Sheeb, Wekiro and Wodilo.  
Adugna H., Woldea
Mohammed Kheir O.
08.20-08:40 Downstream Irrigation development on horticultural crops on selected thirty 
dams: socio-economic baseline survey,  
Asghedom Tewelde and Fitsum Gebreyohannes, Ministry of Agriculture. 
08:40-09:00 Shifting from Conventional Irrigation to drip Irrigation: A socio-economic study 
of orange gro
Tsehaye Wo
09:00-09:20 
Ab aham Mehari a d Mehretab Tesfai, College of Agriculture, UoA. 
09:30-10:00 
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 Chair: Mr. Amanuel Negasi  
10:00-10.20 The challenge of spate Irrigation developme t in Eritre  the  eastern 
lowlands  
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No. Name Institution 
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UOA 
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3. Abraham Ghebre
4. Abraham Mehari UOA 
. Abraham Tzegay Hagaz Agr5
6. Adugna Haile (Dr
7. Afewerki Solomo
8. Alga Tewolde  Elabered Farm 
9 i Land
10. Am i NCEW 
11. Andemariam Tsegay Student, UOA  
12. Andom Kiflemariam DARHRD, MoA 
13. Asghedom Tewolde CHIHDP, MoA  
e 
15. Babiker Tahar  Zoba Anseba 
 Zoba Debub 
17. Belainesh Sium  NUEW 
1 er Development, 
19. Be tu UOA 
20. Be Tukue (Dr) Sawa Agro-Industry 
21. Be  DARHRD, Halhale 
22. Berhane ai (Dr) Chemical Society 
23. Berhane Haile  ELWDP, MoA 
24. Biniam Abraham UOA 
 UOA 25. Biniam 
26. Bi ob UOA 
27. Bissrat Ghebru (Dr) UOA
28. Dagnew Ghebreslassie (Dr) U
2  DA
3  Saw0. Ephrem Ab a Agro-Industry 
31. Er h MoA 
 NGO 
33. Er ion MLWE 
  Hamelmalo Agro-Tech School 
35. Es  Regulatory, MoA 
 NCEW 
i NRS  MoA
38. Filmon Yohannes Zoba
39. Fitsum Tewoldebrhan Zoba De
4 Yohannes CHIHD
41. Francis Hillman PHAESUN Enterprise 
42. Gebreamlak Aregay Ministry of Information 
43. Gebre abteyonas UOA 
44. Ge ewolde Zoba Anseba 
Habteab MoA 45. Ghebre
46. G  Regulatory, MoA 
m (Dr) Macro-policy 
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No. Name Institution 
0. Haddish Mogos ivestock Production 
agos Yohann
aile Ghidei 
53. Haileab Ghebre
54. Hayelom Debes
57. Ibrahim Moham
rahim Saleh 
59. Ilan Ronen te 
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 MoA 
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68. Leteyesus Nega
ebrahtu Solo
ebrat Gebrea
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4. Nigisty Seyoum (Dr) ARD, MoA 
85. Nitsihty Abay   DARHRD, MoA 
86. Ogbazghi Kifle (Dr) Zoba Debub 
87. Paul Roden  DCG 
88. Redaegzhi Ghebremedhin MoA 
89. Refone Paulos  Zoba Maekel 
90. Rezene Habte  UOA 
91. Robert Burtscher CDE/UOA 
92. Samson Tesfalidet DARHRD, MoA 
93. Samuel Asgedom UOA 
94. Samuel Musazghi MoA 
95. Semere Amlesom DARHRD, MoA  
96. Semere Zaid  UOA 
97. Senait Haile  Promotion, MoA 
98. Simon Abay  UOA 
99. Sirak Mehari  UOA 
100. Solome Haile  DARHRD, MoA 
101. Solomon Fisseha LWF 
102. Solomon Tareke MoA 
103. Tadesse Mehari (Dr) UOA  
104. Tecleab Mesghena Regulatory, MoA 
5  NLDP, L
51. H es MoA 
52. H  Promotion, MoA  
zgabher MoA 
ay NRS, MoA 
55. Helen Habte  MoA 
56. Huruy Abraha  Seawater Farm 
med Osman Promotion, MoA 
58. Ib  Zoba Anseba 
 Priva
 M Sc Student, SA 
61. Ka   UOA 
eskel 
ergis NRS, MoA 
64. Kidanemariam Teclemariam Support,
6  DARHR
66. Le  Afhimbol Agro-Industry 
67. Le btemichael NRS, MoA 
ssi Support, MoA  
69. M mon MoA 
70. M b WRD, MLWE 
71. Mehreteab Tesfay (Dr) UOA 
72. Melake Ghebrekristos  NRS, M
7  (Dr) UOA 
74. Mengisteab ebreselassie DARHRD, MoA 
75. M  NRS, M
OF 76. Michael Hailemariam M
77. Michael Negash W
78. Micheal  UOA 
79. M  AliGhider Agro-industry 
80. Micheal Tekie  MoA 
81. Milak Araya  Zoba Debub
82. Mogos Woldeyohannes WRD, MLWE
83. Nega Tesfamariam Zoba Debub 
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105. Teclema erhane Environment, MLWE riam B
106. Tedros Ghebru  Regulatory, MoA 
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-Industry 
107. Tedros Kibrom UOA 
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110. Teklu Seyuom  Zoba Debub 
111. Tesfalem Tekeste Vision Eritrea 
2. 11 Tesfalidet Mehari Support, MoA 
113. Tesfom Beraki  Zoba Debub 
4. bru 11 Tewoldemedhin De UOA 
115. Thegaz Teclemariam Sheeb Wadi Project 
6. 11 Tim Vaessen  UNHCR 
117. Tsehaye Woldemichael UOA 
 118. Weakliam, John  Refugee Trust 
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120. Woldeslasei Ogbazgh UOA 
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